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ABSTRACT 


An  experiment  was  conducted  with  shorn  sheep  to  study  the  short¬ 
term  effects  of  a  low  ambient  temperature  on  jugular  vein  temperature, 
rectal  temperature,  packed  cell  volume,  eosinophil  count,  and  the 
plasma  concentrations  of  sodium,  potassium,  calcium,  magnesium,  and 
glucose.  The  animals  were  placed  singly  in  a  chamber  in  which  they 
were  subjected  during  consecutive  3-day  periods  to  air  temperatures  of 
20.6  -  1.0  C,  1.3  t  1.5  C,  and  19.2  t  2.0  C. 

Cold  exposure  of  the  sheep  resulted  in  a  decrease  in  the  mean 
jugular  vein  temperature  and  the  mean  rectal  temperature.  The  changes 
in  the  rectal  temperature  showed  a  thermal  lag  when  compared  to  the 
jugular  vein  temperature. 

During  the  cold  period,  an  increase  in  packed  cell  volume  occurred 
which  did  not,  however,  account  for  all  of  the  changes  observed  in  the 
various  plasma  parameters  during  cold  exposure. 

A  large  decrease  in  circulating  eosinophils  resulted  when  the 
sheep  were  exposed  to  cold,  indicating  adrenal  cortical  hyperactivity. 

In  a  preliminary  trial,  where  unshorn  sheep  were  moved  between  warm  and 
cold  rooms,  the  eosinopenia  in  the  cold  lasted  about  12  hr,  whereas  in 
the  main  experiment  with  shorn  sheep,  the  eosinopenia  lasted  for  the 
full  54  hr  of  cold  exposure. 

An  elevation  of  plasma  sodium  concentration  accompanied  the 
eosinopenia  of  cold  exposure,  indicating  increased  miner ocorticoid  activity. 

During  the  first  12  hr  of  cold  exposure,  the  relative  plasma  concen¬ 
trations  of  potassium  and  magnesium  were  increased.  Calcium  showed  a 
relative  increase  over  the  same  period,  but  this  may  have  been  due  to  a 
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low  initial  calcium  value  in  the  cold  period.  Jugular  vein  temperature 
was  depressed  over  the  first  12  hr  of  the  cold  period  indicating  a 
temporary  hypothermia  which  would  lead  to  the  observed  increases  in 
plasma  potassium  and  magnesium. 

Cold  exposure  of  the  sheep  resulted  in  an  elevation  of  plasma 
glucose  concentration,  especially  during  the  first  12  hours.  These 
changes  in  plasma  glucose  also  suggested  adrenal  gland  hyperactivity. 

The  movement  of  unshorn  sheep  from  a  warm  to  a  cold  room  seemed 
to  result  in  a  temporary  emotional  stress  rather  than  in  cold  stress. 

In  the  main  experiment,  however,  the  stressor  agent  appeared  to  be  the 
cold.  The  sheep  showed  no  signs  of  becoming  acclimatized  after  54  hr 
of  exposure  at  1.3  ll.5  C. 
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INTRODUCTION 

In  Alberta,  ambient  temperature  changes  of  20  C  or  more  may  occur 
within  the  space  of  a  few  hours.  Fluctuating  winter  temperatures,  coupled 
with  other  environmental  factors  such  as  wind,  can  severely  test  the  homeo¬ 
static  mechanisms  of  animals  exposed  to  these  conditions. 

Thermal  regulation  requires  a  balance  between  heat  production  and 
heat  loss  .  The  neurohormonal  mechanisms  which  permit  such  a  balance  appear 
to  be  activated  through  the  stimulation  of  peripheral,  cutaneous,  or  of 
central,  hypothalamic  receptors,  or  are  controlled  by  some  combination  of 
both  receptor  types . 

The  initial  response  to  cold  is  the  conservation  of  heat  by  such 
primarily  physical  mechanisms  as  peripheral  vasoconstriction  and  piloerection . 
When  the  animal  is  no  longer  able  to  remain  homeothermic  by  these  mechanisms, 
increased  chemical  thermogenesis  occurs.  Adrenal  gland  hyperactivity  plays 
a  major  role  in  increasing  the  rate  of  thermogenesis  to  balance  the  increased 
rate  of  heat  loss.  In  severe  cold  stress,  the  circulatory  and  neurohormonal 
responses  are  accompanied  by  such  activities  as  shivering  and  huddling. 

Selye  (1950)  notes  that  a  stressor  agent  is  one  which  elicits  systemic 
stress.  Systemic  stress  is  characterized  by  an  extensive  deviation  from  the 
normal  resting  condition  of  the  body.  In  the  broadest  sense,  any  environmental 
factor  affecting  an  organism  so  as  to  elicit  physiological  mechanisms  which 
resist  the  change  can  be  regarded  as  a  stressor.  Selye  (1950)  found  cold  to 
be  an  excellent  means  of  producing  nonspecific  damage  to  tissues  and  used  a 
lowered  environmental  temperature  as  a  systemic  stressor  agent  for  many 
s  tudies  . 

Cold  exposure  of  a  severity  sufficient  to  cause  systemic  physiological 
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changes  is  often  referred  to  as  'cold  stress'  in  the  literature.  The  term 
cold  stress  is  used  in  this  context  in  the  present  study. 

Upon  prolonged  cold  exposure,  metabolic  and  physiological  adaptations 
allow  greater  thermal  conservation  and  provide  for  greater  rates  of  non¬ 
shivering  thermogenesis.  With  acclimatization,  adrenal  gland  activity 
returns  to  normal. 

If  cold  stress  becomes  extremely  severe,  hypothermia  occurs.  Hypo¬ 
thermia  implies  an  abnormally  low  body  temperature  accompanied  by  a  decrease 
in  heart  rate  and  respiration. 

In  order  to  allow  an  understanding  of  thermoregulation  and  acclimatiza¬ 
tion  in  animals,  a  more  complete  knowledge  of  the  short-term  physiological 
responses  to  cold  is  necessary.  In  this  respect,  changes  in  fluid  and 
electrolyte  balance  have  been  shown  to  be  important  short-term  responses  to 
cold . 

It  has  been  demonstrated  that, in  small  animals,  marked  fluid  and 
electrolyte  changes  accompany  adrenal  responses  to  cold.  In  some  of  the 
studies  reported  in  the  literature,  eosinophil  counts  have  been  used  to 
demonstrate  adrenal  hyperactivity  when  the  animal  is  cold  stressed.  Although 
the  electrolyte  balance  changes  reported  in  the  literature  show  considerable 
inter-  and  intraspecies  variability,  much  information  concerning  the  effect 
of  cold  stress  on  hematocrit  and  on  various  plasma  components  such  as  sodium, 
potassium,  calcium,  magnesium,  and  glucose  is  now  available  for  dogs,  cats, 
rats,  rabbits,  hamsters,  and  pigeons. 

For  ruminant  farm  animals  which  are  often  exposed  to  the  rapid  changes 
in  temperature  previously  mentioned,  there  is  a  paucity  of  information  on 
such  cold-dependent  physiological  responses  as  altered  electrolyte  balance 
and  adrenal  gland  function. 

In  one  study  involving  sheep,  environmental  comparisons  were  made 


-  S  " 


sdT  bAI  nl  blOD’  BB  bBlfOlB:!  i.*J  iO  .1  BBgnBriO 

.((boJB  InaBsiq  Bii3  oi  ixalnoB  etrii  ol  bsBu  ai  aaBiSa  bios 
,noi3Blq*b6  iBolgoIolayriq  b«B  allodMM  .B-.uaoqx9  bloD  bsgxioloiq  BoqU 

-non  Jo  aoJBi  393B»ig  lol  Bbivoiq  bos  nolJBViBBnoo  loaiisdJ  iBlBsttg  wolla 

^JlviaoB  bnalg  iBOBTbB  .noUBSi3BollBOB  dJjH  .BiBanagBBiBdJ  gnJWidB 

.Iftimton  oJ  aniuJM 


-oqxH  ,.830000  Bim-iBdOoq'jd  .sTsvae  TtJsm»33xs  eaoooad  889338,.bIo3  II 

9993090  B  ^d  b9lnBqmoooB  9303B39qm93  ^Cbod  wo,i  yllcmondB  n*  89lIq«J  BiaoBdJ 

.noiisilqaa'x  Jisad  ni  _ 

siJBmilaoB  bnB  noiJfili/SS^omiaSi,.  lo  gnibosj aiabnu  na  wolJa  o3C^«bio  f 

1  -f 

iBolgoIoie'cdq  ons3-33ori8  91(3  io  agbaXwqnd  939Xq»ioo  bkm  e  .alamloB  nt  noJ3 

«•  f 

bnB  biuli  ni  eagoariD  ^Joaq&a^  eidJ  nl  bioa  oq.vaaenoqasi 

od  BaenoqasT  mi9d-3:rori8  dnadToqmi  ad  od  nworie  naad  avad  aanalad  ad^loTdbdia 


•'•4 


t'ri  ^ 


»  IF. 


ablOO 


fane  blufi  bud^ram  .aJsinlnB  llama  ni  *dadd  badaidenomab  nasd  aari  dl 


.4 


arid  io  90108  nl.  .bloo  od  aaanoqasi  lanaiba  ^a§tqaoooB  aagnario  ad^XoTidoti* 

t.  ^  "  ‘*r  •  ,/, 

Od  bsaw  nsad  avsri  adnooo  liriqofiieoa  <9duJad»dli  srid  ai  baddoqai  daibude  ^ 

▼  ’  •  '  V 

*  "  *  ’-f 

joori'dIA  .fa9889dd8  bloo  8l  larainB  arid  oariw  ^^divido^d9qxri  lanaiba  adaddananab- 

'fj 

jldBiabianoD  woria  aiudsdsdiJ  arid  ni  badTriqai  aagnailo  aonalad  adv^loidoaXa  arid 

jr  ' 

doaiia  arid  gnin'ieonoo  noidcsarioinl  rioum  .Ydiiidaiisv  ialoaqaaiidai  bna  -ladni 


nuiboa  aa  rioue  adn9no<ptOD  smaalq  auoiiav  no^bna  didoodamari' no  eea^da  bioo  io 
,adflD  ,agob  loi  aldallsva  won  ai  aeoDulg  bna  ,aml8aflgBi«  .iwioXao  ,mi/i«»adt^ 


P4VT 


, fanoagiq  bn&  ,8dad8mBd  ,ediddad  ,8da7 
p 


aagnfirio  biqBi  arid  od  baeoqaca  nadio  9^B  rioiriw  aXaaiqa  miai  ^aanlwun  ■jo^  ".4  r 


no  noldfiffiioini  io  x^iooaq  a  el  a^arid  ^b^nol^aam  xX«uoiv8itq  o^wdAiaxiarad  ai 

r  b 

W 

aonaXa^  adyloidoala  baiadJa  ea  aaaooqaai  Xaoigoloiaxriq  dnabnaqab-bXoo  riooa 

.noidonui  bnaXg  lanaiba  boa 

abam  aiaw  anoeiiaqoioo  1  ad namnoi I vna  ^qaaria  g^iviovni 

•  -  ** 


3 


using  a  heated  room  and  an  unheated  room  (Hess,  1963).  In  this  case 
there  was  a  wide  fluctuation  in  the  cold  room  temperature.  The  results  of 
a  long-term  study  under  these  conditions  indicated  no  significant  changes 
in  sodium,  potassium,  magnesium,  or  eosinophil  count.  In  an  experiment  of 
shorter  cold  duration  with  a  controlled  cold  room  temperature  (Bailey,  1964), 
cold  exposure  led  to  significant  changes  in  plasma  sodium  and  packed  cell 
volume  but  not  in  plasma  potassium,  calcium,  or  magnesium. 

Cold  stress  in  conjunction  with  wind  and  rain  (Reid,  1962)  or  fasting 
(Weeth,  Torell,  and  Cassard,  1959)  caused  an  increased  adrenal  function  in 
the  sheep. 

The  experiments  reported  herein  were  undertaken  at  the  University 
of  Alberta  to  determine  the  extent  to  which  short-term  cold  exposure 
causes  stress  in  the  sheep,  through  the  study  of  eosinophil  counts  and  of 
changes  in  a  number  of  plasma  parameters  which  occur  during  the  early 
stages  of  cold  exposure. 
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REVIEW  OF  LITERATURE 
Physiological  Reactions  to  Cold 

I .  Thermoregulation 

A .  Effects  on  body  temperature 

In  general,  the  extent  to  which  rectal  temperature  falls  in  cold- 
exposed  animals  depends  on  the  animal's  ability  to  withstand  cold  as  well 
as  on  the  intensity  of  cold  (Platner  and  Hosko  ,  1953;  Dukes,  1955).  The 

sheep  is  well  insulated  by  means  of  its  fleece,  and  appears  to  be  quite 
cold  resistant. 

Hess  (1963)  reported  a  significant  (P  <C  0.01)  decrease  from  38.9 
to  38 .8  C  in  the  average  rectal  temperature  of  sheep  exposed  to  long-term 
cold.  These  results  were  not  duplicated  by  Bailey  (1964)  when  sheep 
during  short-term  exposure  to  cold  maintained  the  same  rectal  temperature 
as  their  controls.  However,  subcutaneous  temperatures  decreased  slightly. 
In  both  sites,  temperature  decreased  at  first  but  rose  again  towards  the 
end  of  the  week  of  cold  exposure. 

Rectal  temperature,  because  of  its  thermal  inertia,  is  not  a 
reliable  index  of  deep  body  temperature  (Benzinger,  1961;  Bligh,  1957; 

Ross,  1956;  Veeraraghavan ,  1963).  Of  14  subcutaneous  tissue  and  skin  sites 
examined,  jugular  vein  blood  temperature  was  the  only  one  which  closely 
corresponded  to  the  temperature  of  the  blood  bathing  the  thermoregulatory 
nuclei  of  the  hypothalamus  via  the  internal  carotid  artery  (Veeraraghavan, 
1963) .  Temporary  hypothermia  caused  by  the  addition  of  ice  water  to  the 
rumen  resulted  in  an  almost  immediate  drop  in  the  intravascular  temperature 
which  took  about  160  min  to  return  to  pretreatment  temperatures.  On  the 
other  hand,  rectal  temperatures  reacted  much  slower  initially  and  did  not 
return  to  pretreatment  temperature  for  6  to  8  hours. 
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B .  Physical  regulation 

At  temperatures  below  the  thermal  neutral  point,  about  75%  of  the 
heat  lost  from  the  body  is  by  radiation,  conduction,  and  convection  and 
about  25%  is  lost  by  evaporation  from  the  skin  and  lungs  (Dukes,  1955). 
Smaller  amounts  of  heat  are  lost  in  the  feces  and  urine.  Heat  loss  is 
increased  by  vasomotor  mechanisms  such  as  sweating  and  increased  pulmon¬ 
ary  ventilation.  Heat  loss  can  be  augmented  by  redistribution  of  tissue 
water  (Evans,  1956).  Heat  conservation  is  brought  about  by  vasoconstriction 
and  piloerection  (Dukes,  1955)  and  by  countercurrent  heat  exchange  involving 
the  rete  mirabile  (Scholander,  1957). 

C .  Chemical  regulation 

When  physical  mechanisms  of  heat  conservation  are  no  longer  able 
to  stem  the  additional  heat  loss  in  the  cold,  additional  heat  is  produced 
by  oxidative  processes  (Evans,  1956;  Carlson,  1963).  This  includes 
shivering  thermogenesis  (Dukes,  1955)  and  nonshivering  thermogenesis 
(Hart,  1958;  Carlson,  1960;  Chaffee  et  al . ,  1963;  Davis,  1963;  Jansky  and 
Hart,  1963). 

Glucocorticoid  production  is  rapidly  increased  by  cold  stress  (Hart, 
1958;  Reid,  1962).  Severe  cold  stress  increases  norepinephrine  and  epine¬ 
phrine  secretion  by  the  adrenal  medulla  and  sympathetic  nerve  endings 
(Carlson,  1960;  Hannon,  Evonuk,  and  Larson,  1963;  Hart,  1958;  Reid,  1962; 
Sellers  and  Schftnbaum,  1963).  The  glucocorticoids  stimulate  gluconeogenes is 
and  the  epinephrine  stimulates  glycogenolys is  (Hannon,  1960;  Reid,  1962; 
White  et  al . ,  1959).  Both  result  in  elevated  blood  glucose  levels. 

As  the  animal  begins  to  adapt  to  its  cold  environment,  thyroid 
hyperfunction  takes  over  from  adrenal  hyperfunction  (Boulouard,  1963; 

Hart,  1958;  Heroux,  1960;  Knigge,  1963;  Nicholls  and  Rossiter,  1956).  One 
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of  the  characteristic  results  of  thyroid  gland  hyperfunction  is  hyper¬ 
glycemia  (White  et  al . ,  1959). 

Rats  cooled  at  the  rate  of  about  5  C  per  hour  showed  rapid  utiliza¬ 
tion  of  liver  glycogen  and,  when  ample  stores  of  carbohydrates  were  present, 
showed  a  rapid  and  prolonged  increase  in  blood  glucose  (Fuhrman  and  Crismon, 
1947).  This  conversion  of  glycogen  to  glucose  is  a  result  of  nervous  and 
endocrine  activity  (Fuhrman  and  Fuhrman,  1963).  When  glucose  was  adminis¬ 
tered  to  hypothermic  humans  and  dogs,  a  marked  and  sustained  hyperglycemia 
resulted  indicating  the  very  slow  metabolism  of  glucose  during  hypothermia 
(Wynn,  1954).  In  a  woman  given  a  total  of  74  g  of  glucose  in  9  hr,  the 
plasma  glucose  rose  962  mg/100  milliliters.  This  would  indicate  that  the 
glucose  was  diluted  to  about  7.7  liters  which  was  167o  of  the  woman's  body 
weight.  It  would  appear  that  no  exogenous  glucose  was  metabolized  as  the 
extracellular  fluid  weight  in  a  woman  is  about  16%  of  the  body  weight. 

The  same  glucose  load  given  at  normo thermic  temperatures  would  have  hardly 
altered  the  blood  sugar  level.  Henneman,  Bunker,  and  Brewster  (1958) 
reported  that  cooling  the  human  body  to  28  to  30  C  raised  blood  sugar 
levels  and  that  when  5  to  15  g  of  dextrose  were  infused,  a  marked  hyper¬ 
glycemia  occurred.  They  suggested  that  there  is  an  inhibition  of  the 
tissue  uptake  of  glucose  and  of  glycolysis.  In  order  to  investigate  this 
effect,  Fuhrman  and  Fuhrman  (1963)  injected  C^^-labeled  glucose  into 
fasted  hypothermic  rats  and  found  that  the  specific  activity  of  the 
glucose  remained  constant  in  the  blood  for  2  1/2  hours.  Conditions  for 
glucose  uptake  should  have  been  optimal  as  these  rats  were  fasted.  Also, 
the  glycogen  levels  in  the  livers  of  cooled  rats  were  the  same  with  and 
without  glucose  loading.  It  appeared  that  failure  to  convert  glucose  to 
glycogen  was  the  cause  of  hyperglycemia  in  hypothermia. 
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oJnl  saoouig  bsisdsI-^^D  bsdasLol  (Edfil),  nBmtriu'i  bne  oaniriu?  .dosljs 
adi  io  ^iiviioB  Diiioaqa  arii  iadi  bm/oi  bnB  aini  siai'jadioqYd  baieai 
Toi  anoiiibnoO  .  aiuod  i:\X  S  ioi  boold  adi  ni  iOBianoo  baniamsi  aaoooXg 
jaiA  .baiefti  airaw  aJBTi  aaadi  bb  Ifimiiqo  naad  svBd  bluorie  a3i«iqo  aaoouXg 
bnB  dilw  amsa  adJ  siaw  aiBT  baloos  io  aiavil  adi  ni  aisvaX  negosylg  adi 
>i  aaooi/ig  i^iavnoo  oi  s-iullai  iadi  batrBsqqs  il  .gnibBoI  saoooXg  iuoriiiw 

.Bira7dri3oqxri  ni  aiuiaoxigiaqxd  io  aeuBS  adi  bbw  nsgos^Xg 
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The  penetration  of  glucose  into  tissue  cells  at  low  temperature 
apparently  equals  or  exceeds  the  rate  of  phosphorylation,  according  to 
more  recent  studies  done  by  Fuhrman  and  Fuhrman  (1964).  Thus,  the 
abnormal  metabolism  of  glucose  in  hypothermia  cannot  be  attributed  to  an 
inhibition  of  the  tissue  uptake  of  glucose.  Soluble  glycogen  is  more 
labile  than  residual  glycogen  during  hypothermia  (Plainer,  Shields,  and 
Purdy,  1964) .  The  incorporation  of  glucose-C^^  into  tissue  glycogen  of 
hypothermic  rats  was  increased  in  soluble  and  residual  fractions  of  the 
heart  but  not  in  liver  or  muscle. 

Glucagon  injected  into  normothermic  rats  produced  hyperglycemia 
but  not  when  administered  to  hypothermic  rats  (Crawford  et  al . ,  1965). 

Reid  (1962)  found  increased  blood  glucose  levels  in  ewes  when 
exposed  to  cold,  wind,  and,  in  some  cases,  rain.  Pregnant  ewes  showed 
less  response  than  nongravid  ewes.  Fasting  of  24  hr  or  more  before  going 
on  trial  caused  larger  sustained  increases  in  blood  glucose  concentrations 
as  these  sheep  were  already  in  a  state  of  gluconeogenesis .  A  shorter 
fasting  period  resulted  in  a  temporary  increase  and  then  a  decline  after 
2  to  4  hr  of  stress.  Some  sheep  then  stabilized  at  this  point  while  in 
others  blood  glucose  rose  rapidly  several  hours  later.  This  was  attributed 
to  increased  adrenaline  secretion  causing  glycogenolysis  in  the  early 
stages.  As  glycogen  stores  became  depleted,  a  reduction  of  the  elevated 
blood  glucose  occurred.  Then  gluconeogenesis  was  believed  to  occur  in 
some  animals  with  a  second  elevation  of  blood  glucose  being  the  result. 

In  the  same  experiment  it  was  found  that  elevated  glucose  levels 
were  not  maintained  with  only  wind  and  cold  stress.  It  was  suggested  that 
the  major  part  of  this  temporary  increase  in  the  sheep  was  due  to  adrenaline 
secretion  via  glycogenolysis. 


^^u3&1^(¥a9^i  woL  3B  all^D  sueeiJ  oinl  SBoouig  lo  nol3Bi33n&q  sriT 
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arii  ^  suriT  .  (^^d^l)  nfumrit/'^  bnB  /iBm'rriu'T  yd  Bnob  eslburJa  ^nBoai  stom 
na  o3  baiudiiJ^B  9d  3onnBo  aiff.'T9dJoqyri  nl  saojulg  io  maJlodBlam  JafliiondB 
Biom  ei  nsgooylg  alduio8  .aeooulg  9}f&3qu  suaai^  nol3ldlrinl 

bfis  ^laniBl*!)  BimTsrfJoqyH  gnJ::iub  nagooylg  Ihublaar  nfirizt  BlldsI 

nsgooyig  BuaalJ  oJni  ^^O-saoDuIg  lo  nol^Bioqioonl  aiiT  .  (Ad^I  ,yb-ru? 
erfj  lo  anolJOBii  iBufalasT  bnB  alduloa  nl  bsasBionl  bbw  adBi  olniiBrldoqyd 

.alaaura  io  lavll  nl  ion  dud  diBBil 

BifliBoyX gTsqyri  bsoubo^q  adB^  olrnisdlofnion  odnl  bBdaaf^nl  nogBouIO 
.(5d9I  ,.Ib  d9  b-rolwBiD)  adBT  olnnarldoqyri  od  bsiadalnlnrbB  nadw  don  dud 
nadw  aswB  nl  alsval  aaooulg  boold  baaBSdDnl  bnuol  (Sd^l)  bla^ 
bawoda  asws  dnanga^'X  .nisi  ^a^3B^  anioa  nl  ,bnB  jbnlw  ,bIo9  od  bdaoqxB 
gniog  a^olad  sinni  :rd  AS  lo  gnldae'^  .  asws  blvBignon  nsiid  aanoqaad  aaal 
loldBidnsonoo  saoouig  boold  nl  eaeBsionl  bsnlBdaue  dagisl  bsauBo  Iflldd  no 
ladioria  A  .  elaansgoano.oulg  lo  sdBda  b  nl  ybaailB  aiaw  qsada  aaadd  as 
79dlB  anlloab  b  nsdd  bnn  aaBsioni  yiBioqmad  b  nl  badluaad  boliaq  gnldasl 
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nl  alldw  dnioq  aidd  3b  basllldsda  nsdd  qaaria  araoi^  .aaaida  lo  Trd  A  od  S 
JudlTfddB  aBw  aid!  .  ladBl  a'luod  iBiavaa  ylblqei  aaoT  aeooulg  boold  aiaddo 
TB9  add  nl  aiaylonagooyig  gniauBo  nolda'ioaa  anilsnaibB  baaBSdanl  od 

T 

ba.^Bvala  add  lo  noldoubdi  b  tbadalqab  amBoad  aaioda  nagooylg  aA  .eog&da 
nl  -xuoDo  od  bavailad  asw  alaanagoanooulg  nadT  ;  baid:uDoo  aaoouXg  boold 
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> 

lBna*xbfi  od  aub  aaw  qaada  add  nl  aaBanonl  yiBioqmad  aldd  io  diBq  *xot.B®  arid 

. eieyXonagooyXg  bIv  noidaioae 
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Some  of  the  reasons  for  increased  blood  glucose  levels  v^ithout  a 
turnover  of  liver  glycogen  might  be  obtained  from  studies  on  cold-adapted 
animals.  Hannon  (1960)  noted  changes  in  the  intermediary  metabolism  in 
cold-acclimatized  rats.  These  animals  showed  increases  in  the  activity  of 
both  glucokinase  and  glucose-6-phosphatase .  Phosphorylase  activity  was 
decreased  and  became  only  25%  as  active  as  phosphoglucomutase .  It  appeared 
that  the  rate  of  glycogenolysis  was  limited  by  the  low  level  of  phosphatase 
activity.  However,  epinephrine  production  was  shown  to  be  high  in  rats 
chronically  exposed  to  cold  (Hart,  1958)  and  epinephrine  has  been  shown  to 
work  at  the  phosphorylase  level  in  glycogenolysis  (Hannon,  1960;  White  et 
al.,  1959). 

D .  Thermostatic  control 

Ranson  (1937)  demonstrated  the  presence  of  heat-regulating  centers 
in  the  anterior  hypothalamus  of  the  monkey  where  lesions  led  to  a  loss  of 
the  ability  to  withstand  high  temperatures.  Magoun  et  al .  (1938)  heated 
the  anterior  hypothalamus  of  the  cat  and  caused  vasodilation,  panting,  and 
sweating.  Local  temperature  changes  within  the  hypothalamus  affect  heat 
production  in  rats  and  cats  as  well  as  muscular  activity  and  blood  flow  in 
dogs  (Carlson,  1962) .  Repin  (1963)  obtained  abrupt  abolition  of  muscular 
activity  by  electrical  stimulation  of  the  preoptic  area  of  chilled  rabbits. 
Chowers  et  al .  (1964)  showed  that  acute  lowering  of  environmental  and 
preoptic  temperature  evoked  a  rise  in  plasma  cortisol  levels.  A  number  of 
other  workers  have  implied  a  thermostatic  control  by  the  hypothalamus  in 
monogas  trie  animals  (Adams,  1963;  Fusco,  Hardy,  and  Hammel,  1961;  Hammel 
et  al.,  1963;  Han  and  Brobeck,  1961;  Petajan,  Morrison,  and  Akert,  1962). 

Lee  (1950)  suggests  that  the  heat-regulating  centers  of  the  sheep 
hypothalamus  are  probably  sensitive  to  very  small  changes  in  blood  temper- 
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ature . 

Andersson,  Grant,  and  Larsson  (1956)  and  Andersson  et  al .  (1963, 

1964a,  1964b)  demonstrated  a  discrete  'heat-loss  center'  in  the  goat. 
Electrical  stimulation  and  local  cooling  of  the  preoptic  region  of  the 
anterior  hypothalamus  caused  core  hyperthermia  in  goats.  A  marked 
increase  in  the  release  of  protein-bound  iodine  from  the  thyroid  and 
increased  urinary  catecholamines  resulted  from  the  cold  treatment. 

The  use  of  a  ganglionic  blocking  agent  prevented  core  hyperthermia, 
increased  the  excretion  of  urinary  catecholamines,  and  reduced  shivering. 
However,  heating  the  'heat-loss  center'  in  a  cold  room  caused  a  rapid 
drop  in  core  temperature.  These  changes  demonstrate  that  the  hypo¬ 
thalamus  is  important  in  the  control  of  body  temperature  in  the  goat. 

On  the  other  hand,  Blaxter  (1962)  feels  that  ruminants  are  dis¬ 
tinctly  different  from  humans  in  that  the  peripheral  receptors  are  very 
important  in  the  control  of  body  temperature  in  the  ruminant  animal  in 
warm  environments.  Hammel  et  al.  (1963)  points  out  that  a  combination  of 

both  peripheral  and  central  temperature  sensitive  receptors  causes  responses 

in  the  rhesus  monkey  and  the  dog.  Carlson  (1963)  and  Fusco  et  al.  (1961) 
support  the  latter  view.  This  may  very  well  be  the  case  in  ruminants,  also. 

II .  Environmental  cold  stress  and  the  adrenal  gland 

Selye  (1950)  lists  cold  as  a  stress  which  causes  hyperfunction  of 
the  adrenal  gland.  In  the  first  phase  of  cold  acclimation,  the  rat  is 
unable  to  compensate  for  increased  energy  expenditure  by  a  sufficient  food 
intake  and  is  obliged  to  use  its  energy  reserves  aided  by  a  concomitant 
adrenocortical  hyperactivity  (Boulouard,  1963).  In  rats  suddenly  exposed 
to  cold  there  is  a  rapid  increase  in  the  excretion  of  urinary  17-oxos teroids 
with  the  levels  falling  to  subnormal  values  within  36  to  48  hr  (Munday  and 
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Blane ,  1960) . 

SchAnbaum  (1960)  reported  that  exposure  of  rats  to  acute  cold 
caused  a  transient  rise  of  corticosteroid  formation  during  the  first  30 
min  of  cold  exposure.  Boulouard  and  Buzalkov  (1963)  and  Heroux  (1960) 
reported  increased  secretion  of  adrenocortical  hormones  during  early 
cold  exposure.  Work  by  Heroux  and  Hart  (1954)  and  Yamashita  and  Araki 
(1962)  supports  the  theory  of  adrenal  hyperactivity  during  the  early 
stages  of  cold  exposure. 

Cholesterol,  which  has  been  shown  to  be  the  precursor  of  the 
adrenal  cortical  hormones,  is  normally  found  in  large  amounts  in  the 
adrenal  cortex.  Cold  shock  rapidly  decreases  these  levels  in  the  cortex 
(Dukes,  1955),  Ascorbic  acid  is  normally  found  stored  in  the  adrenal 
cortex  and  disappears  rapidly  during  acute  cold,  apparently  entering  into 
the  synthesis  of  adrenalcor tical  hormones  (Booker,  1960;  Hoijer,  1960). 

Hume  and  Egdahl  (1959)  found  that  hypothermia  does  not  at  any  time 
act  as  a  stimulant  to  adrenal  cortical  secretion,  and  Evans  (1956)  reports 
hypothermia  causes  a  reduction  of  adrenal  cortical  function. 

A  good  indicator  of  adrenal  gland  activity  was  found  to  be  the 
number  of  circulating  eosinophils  (Miller,  1955).  The  adrenal  hyper¬ 
activity  during  stress  greatly  reduced  the  number  of  circulating  eosinophils 
(Speirs  and  Meyer,  1949).  Weeth  et  al .  (1959)  found  pronounced  eosinopenia 

in  sheep  exposed  to  cold,  indicating  adrenal  hyperactivity.  Selye  (1950) 

1 

noticed  pronounced  leukopenia  during  the  'alarm  reaction'  of  severe  cold 
stress.  Yamashita  and  Araki  (1962)  immersed  dogs  in  ice  water  for  short 
periods.  After  removal  of  the  dogs  from  the  ice  water,  peripheral  blood 
showed  a  marked  decrease  in  the  number  of  circulating  eosinophils  with  the 
greatest  decrease  occurring  2  to  4  hr  after  removal  from  the  bath.  This 
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occurred  in  both  the  intact  and  adrenal  demedulla ted  dog,  whereas  no 
changes  in  circulating  eosinophils  occurred  in  adrenalec tomized  dogs. 

Their  conclusion  was  that  the  eosinopenic  responses  of  the  intact  dog  in 
cold  is  mainly  due  to  increased  adrenal  cortical  activity.  Hess  (1963) 
reported  a  nonsignificant  difference  in  eosinophil  counts  in  sheep  during 
long-term  exposure  to  cold.  The  mean  eosinophil  count  for  the  sheep  kept 

O  O 

in  a  warm  room  at  12.8  to  18.3  C  was  313/mm  as  against  350/mm'^  for  the 
sheep  kept  at  -18.9  to  13.3  C  in  the  unheated  room.  This  trend  towards 
eosinophilia  which  took  place  is  a  reversal  of  the  usual  and  suggests 
that  the  sheep  were  under  no  stress. 

ITT .  Electrolyte  responses  to  cold 

Tt  is  believed  that  the  observed  plasma  electrolyte  responses 
during  cold  exposure  are  the  result  of  early  hyperactivity  of  the  adrenal 
gland  with  the  release  of  minerocor ticoid  hormones  (Munday  and  Blane,  1961). 
Significant  alterations  in  electrolyte  metabolism  indicate  that  posterior 
pituitary  and  electrolyte-regulating  hormones  are  mobilized  as  well  as 
adrenocortico tropin  and  thyrotropin  in  the  complex  response  evoked  by  cold 
exposure  (Knigge,  1960) . 

Evidence  for  increased  minerocor ticoid  in  early  cold  stress  is 
further  substantiated  by  the  fact  that  adrenalectomy,  which  prevents  the 
normal  eosinopenia  due  to  mild  stress  or  epinephrine  injections  in  mice 
(Speirs  and  Meyer,  1949),  prevented  the  fluctuations  of  plasma  electrolytes 
in  cold-stressed  rats  (Munday  and  Blane,  1960).  Furthermore,  adrenalectomy 
in  dogs  (Swingle  and  Swingle,  1965)  and  in  rats  (Leonard,  1963)  and  the  use 
of  spironolactone,  an  aldosterone  antagonist  (Rapp,  1964;  Rovner  et  al . , 
1963),  prevented  the  normal  distribution  and  movements  of  sodium  and  water 


in  normothermic  animals . 
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The  major  minerocor ticoid  released  by  the  adrenal  cortex  is 
aldosterone  which  is  widely  known  as  the  sodium-retaining  hormone  (Denton, 
Coding,  and  Wright,  1960;  Laragh  and  S toerk, 1957) .  Aldosterone  secretion 
may  be  under  the  control  of  the  hypothalamus  (Sims  and  Solomon,  1963)  or 
under  the  control  of  the  renin-angiotensin  system  in  the  kidney  (Binnion 
et  al.,  1965;  Denton,  1964;  Sims  and  Solomon,  1963;  Slater  et  al . ,  1963). 

A .  Sodium 

Plasma  from  rats  acclimatized  at  5  C  contained  significantly  higher 
sodium  levels  than  plasma  from  rats  maintained  at  a  control  temperature 
of  26  C  (Hannon,  Larson,  and  Young,  1958).  The  first  day  of  cold  exposure 
(2  C)  resulted  in  no  change  in  plasma  sodium  in  rats  (Baker  and  Sellers, 
1957).  Continued  exposure  resulted  in  retention  of  sodium  and  after  45 
days  in  the  cold  a  sustained  elevation  of  plasma  sodium  had  occurred. 

The  intracellular  sodium  of  muscle  was  decreased  by  sustained  exposure  of 
the  rat  to  2  C  (Baker,  1960a).  Munday  et  al.  (1958)  noted  a  small  sus¬ 
tained  rise  in  sodium  levels  in  hypothermic  rats,  rabbits,  and  humans. 
Munday  and  Blane  (1960)  found  transient  high  plasma  sodium  levels  in  rats 
exposed  to  severe  cold  at  0  C  for  48  hours.  The  sodium  concentration  of 
the  urine  was  simultaneously  reduced.  These  changes  did  not  occur  in 
adrenalec tomized  rats  similarly  exposed. 

Pigeons,  which  have  a  greater  resistance  to  cold  than  the  rat, 
showed  similarly  high  plasma  sodium  values  when  exposed  to  0  C  for  48  hr 
but  returned  to  normal  more  rapidly  (Munday  and  Blane,  1961). 

Rats  subjected  to  a  long-term  cold  exposure  of  4  to  20  wk  at  0  C 
were  found  to  have  an  increased  plasma  sodium  concentration,  but  this  was 
in  conjunction  with  an  increase  of  plasma  potassium  which  was  opposite  to 
the  effect  found  during  short-term  cold  exposure  (Munday  and  Blane,  1961). 
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Beaton  (1961)  cooled  fasted  rats  in  ice  until  rectal  temperatures 
of  15  C  were  achieved  but  found  no  alteration  in  red  cell  and  plasma 
sodium.  Spurr  and  Barlow  (1959)  found  an  apparent  shift  of  sodium  from 
plasma  into  erythrocytes  during  hypothermia  in  dogs . 

Steadman,  Ariel,  and  Warren  (1943)  exposed  rabbits  to  cold  for 
2  to  5  hr  and  found  serum  sodium  levels  fluctuated  from  -20  to  197o  when 
the  plasma  samples  taken  immediately  after  hypothermia  were  compared 
with  the  samples  taken  before  the  cold  treatment.  No  explanation  for 
the  wide  fluctuations  was  offered. 

Immersing  sheep  in  ice  water  and  lowering  body  temperatures  to 
28  to  30  C  resulted  in  higher  sodium  values  in  skeletal  muscles  (Hercus 
and  Bowman,  1959).  This  either  resulted  from  the  accompanying  anoxia 
caused  by  hemodynamic  changes  or  was  due  to  a  direct  depression  of  cell 
metabolism,  reducing  the  rate  of  energy  turnover  below  that  necessary  to 
maintain  the  sodium  pump. 

Hess  (1963)  measured  plasma  sodium  in  eight  yearling  wethers  three 
times  each  week  for  43  days.  The  control  temperatures  were  12.8  to  18.3  C 
while  cold  room  ambient  temperatures  varied  from  -18.9  to  13.3  C  with  an 
average  of  -5  C.  The  wool  length  was  approximately  one  inch.  The  plasma 
sodium  concentration  in  the  cold-treated  animals  did  not  differ  signifi¬ 
cantly  from  the  mean  plasma  sodium  value  of  152.4  meq/1  found  in  the 
control  animals.  There  was  a  significant  increase  (P^  0.01)  in  the 
urinary  sodium  concentration  in  the  cold-treated  animals  from  2.54  to 
4.30  meq/liter.  Part  of  the  increase  in  urine  sodium  concentration  could 
be  accounted  for  by  a  297.  reduction  in  urine  volume  (significant,  P^O.Ol). 
However,  a  greater  absolute  amount  of  sodium  was  excreted  in  the  urine 
during  cold  exposure.  There  was  no  significant  correlation  in  this  study 
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between  degree-hours  and  plasma  sodium,  but  there  was  a  significant 
correlation  (P-^O.OS)  between  degree-hours  and  urine  sodium. 

Bailey  (1964)  used  four  3-year-old  wethers,  sheared  6  weeks  before 
the  experiment,  to  study  short-term  fluctuations  in  temperature  and  the 
effects  of  different  water  consumption  levels.  The  sheep  had  free  access 
to  water  in  one  period  or  received  1000,  2000,  or  3000  g  of  water  per  day 
through  a  fistula  in  each  of  the  other  periods.  The  experimental  treat¬ 
ments  consisted  of  1  week  at  20  C,  1  week  at  -11  C,  and  a  3rd  week  at  20  C. 
Samples  were  taken  three  times  weekly.  When  the  water  intake  was  volun¬ 
tary,  the  mean  plasma  sodium  value  of  160  meq/1  found  in  the  cold  was 
significantly  (P<  0.05)  higher  than  the  mean  values  of  149  and  152  meq/1 
for  the  first  and  second  warm- temperature  periods,  respectively.  When  the 
water  intake  was  limited  to  1000  g,  the  same  significant  differences 
occurred.  When  the  water  intake  was  2000  and  3000  g,  no  significant 
differences  in  plasma  sodium  concentration  resulted.  This  suggests  that 
the  changes  in  the  first  two  instances  were  due  to  changes  in  the  concen¬ 
tration  of  the  blood  which  were  indicated  by  the  packed  cell  volume. 

B .  Potassium 

When  sodium  is  retained  due  to  the  effect  of  aldosterone  on  the 

kidney,  potassium  is  excreted  in  an  exchange  for  sodium  and  hence  a  lower 

plasma  potassium  concentration  may  occur  (Horton  and  Biglieri,  1962; 

Munday  and  Blane,  1960;  Sims  and  Solomon,  1963).  However,  plasma  potassium 

levels  may  increase  rather  than  decrease  during  cold  exposure.  Langdon  and 

Kingsley  (1964)  suggest  that  the  acidosis  accompanying  hypothermia  and 

the  depression  in  function  of  cell  membrane  at  low  temperatures  are  at 

Degree-hours  per  day  =  the  daily  total  differences  between  each  recorded 
hourly  temperature  and  65  F;  the  colder  the  day,  the  greater  the  number 
of  degree-hours. 
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least  partly  responsible  for  the  increase  in  serum  potassium.  Entry  of 
potassium  into  the  skeletal  muscle  and  into  the  spinal  cord  from  the 
blood  stream  is  retarded  by  cold  exposure  of  the  rabbit  (Pogosova,  1959). 

Hannon  et  al .  (1958)  found  no  significant  differences  in  plasma 
potassium  levels  when  rats  were  kept  at  26  C  or  acclimatized  at  5  C. 

Beaton  (1961)  observed  no  changes  in  the  plasma  potassium  levels  of  fasted 
rats  cooled  in  ice  to  a  rectal  temperature  of  15  C,  but  there  was  a 
significant  decrease  in  erythrocyte  potassium. 

Swan  et  al.  (1953)  found  consistent  decreases  in  serum  potassium 
in  hyperventilated  dogs  and  humans  during  severe  hypothermia  and  suggested 
that  a  shift  of  potassium  to  the  intracellular  phase  existed,  since  they 
could  not  account  for  the  loss  in  the  urine.  Spurr  and  Barlow  (1959) 
noted  a  decrease  in  plasma  potassium  in  hypothermic  and  in  normothermic , 
hyperventilated  dogs,  whereas  a  potassium  elevation  in  erythrocytes 
only  occurred  in  the  normothermic  dog  after  ventilation.  Kanter  et  al . 
(1963)  used  ice  packing  to  lower  the  rectal  temperatures  of  dogs  and 
found  a  lowered  potassium  concentration  in  the  blood  despite  a  fall  in  - 
arterial  pH  which  will  not  occur  in  normothermic  animals.  This  led  to 
the  suggestion  of  a  potassium-for-sodium  exchange  in  the  renal  tubule, 
with  potassium  being  excreted  instead  of  hydrogen. 

Munday  et  al .  (1958)  noted  a  marked  fall  in  plasma  potassium  in 
hypothermic  rats,  humans,  and  rabbits.  Munday  and  Blane  (1960,  1961) 
noted  a  decrease  in  plasma  potassium  for  reptiles  and  rats  but  no  similar 
decrease  for  pigeons  when  subjected  to  cold  at  0  C  for  48  hours.  This  is 
in  agreement  with  the  observation  that  the  pigeon  has  a  greater  ability  to 
withstand  cold.  The  level  of  potassium  in  the  urine  was  increased  for  the 
first  12  hr  of  cold  exposure  in  the  rat. 
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During  long-term  cold  stress  in  the  rat  (4  to  12  weeks  at  0  C) , 
the  plasma  potassium  levels  were  high  (Munday  and  Blane,  1961). 

During  profound  hypothermia  in  man,  plasma  potassium  levels  rose 
but  there  was  not  a  proportionate  decrease  in  urinary  loss  of  potassium 
(Langdon  and  Kingsley,  1964)  . 

Elliott  and  Crismon  (1947)  reported  small  but  statistically  signi¬ 
ficant  increases  in  plasma  potassium  in  rats  having  lowered  body  temper¬ 
atures.  Baker  (1960b)  noted  an  increase  in  rat  plasma  potassium  for  the 
first  few  days  of  cold  exposure  but  found  that  after  prolonged  cold 
exposure  this  returned  to  normal. 

In  hypothermic  sheep,  serum  potassium  was  lowered  and  an  examin¬ 
ation  of  muscle  specimens  revealed  that  intracellular  potassium  was 
diluted  by  the  entrance  of  sodium  and  water  (Hercus  and  Bowman,  1959). 

In  the  experiment  described  earlier,  Hess  (1963)  found  that  the 
mean  plasma  potassium  concentration  of  5.48  meq/1  for  sheep  in  the  cold 
room  was  not  significantly  different  from  the  mean  plasma  potassium 
concentration  of  5.33  meq/1  for  sheep  in  the  warm  room.  The  urine  from 
the  cold-room  sheep  contained  a  significantly  (P^O.Ol)  greater  concen¬ 
tration  of  potassium  than  the  urine  from  the  warm-room  sheep.  Although 
it  might  have  been  expected  that  the  increase  in  urine  potassium  concen¬ 
tration  could  have  been  due  to  the  significant  (P^O.Ol)  297o  reduction 
in  urine  volume,  it  was  found  that  a  greater  absolute  amount  of  potassium 
was  excreted  in  the  urine  during  cold  exposure.  There  was  no  significant 
correlation  between  either  plasma  or  urine  potassium  and  degree-hours. 

Bailey  (1964),  in  the  experiment  previously  described,  found  a 
nonsignificant  increase  in  plasma  potassium  of  sheep  exposed  to  short¬ 
term  cold  and  receiving  either  a  voluntary  water  intake  or  1000  g  of  water 
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intraruminally  per  day.  When  2000  or  3000  g  of  water  per  day  were  admin¬ 
istered  intraruminally,  the  levels  of  plasma  potassium  remained  the  same 
for  the  cold-treated  sheep.  The  small  increases  in  plasma  potassium  were 
possibly  due  to  hemoconcentra tion  accompanying  the  cold  exposure. 

C .  Calcium 

There  is  evidence  that  the  renal  excretion  of  calcium  in  man  is 
under  the  influence  of  the  adrenal  steroids  and  that  calcium  excretion 
decreases  parallel  to  the  sodiumrpotassium  ratio  in  plasma  (Lamberg  and 
Torsti,  1964).  The  calcium  concentration  in  the  blood  is  very  stable  and 
depends  primarily  on  the  relationship  between  bone  calcium  and  the  para¬ 
thyroid  glands  (Kunin,  1963)  . 

Elliott  and  Crismon  (1947)  found  a  small  but  statistically  signi¬ 
ficant  increase  in  plasma  calcium  in  rats  with  body  temperatures  cooled  to 
25  C.  The  calciumrpo tass ium  ratio  of  1.46  in  normothermic  rats  was  reduced 
to  1.08  in  the  hypothermic  rats.  Injection  of  calcium  chloride  was  shown 
to  help  protect  the  rats  against  hypothermia  by  lowering  the  lethal  cold 
temperature . 

However,  Beaton  (1961)  found  no  changes  in  the  level  of  serum 
calcium  when  fasted  rats  were  cooled  with  ice  packs  until  their  rectal 
temperatures  were  lowered  to  15  C.  Hannon  et  al .  (1958)  using  cold-accli¬ 
matized  rats  and  Nowell  and  White  (1963)  using  cold-stressed  rats  found  no 
significant  changes  in  plasma  and  serum  calcium  concentrations. 

Bailey  (1964),  in  the  previously  described  experiment,  reported 
that  the  plasma  calcium  concentration  in  sheep  receiving  a  voluntary  water 
intake  rose  nonsignif icantly  from  5.4  to  5.5  meq/1  when  the  sheep  were 
placed  in  the  cold  room.  The  results  were  similar  when  1000  g  of  water 
per  day  were  administered  intraruminally  but  were  reversed  when  the  sheep 
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were  given  2000  or  3000  g  of  water  per  day  by  the  same  route.  There  may 
have  actually  been  a  decrease  in  plasma  calcium  during  cold  exposure 
because  of  the  decrease  in  plasma  volume  indicated  by  the  packed  cell 
VO  1  ume . 

D .  Magnesium 

Aldosterone  has  often  been  shown  to  influence  magnesium  metabolism, 
with  increased  circulating  aldosterone  levels  causing  an  increased  excretion 
of  magnesium  and  a  lower  plasma  magnesium  concentration  (Care  and  Ross, 

1963;  Cope  and  Pearson,  1963;  Hanna  and  MacIntyre,  1960;  Horton  and  Biglieri, 
1962;  Scott  and  Dobson,  1965).  Deoxycorticosterone  (Care  and  Ross,  1963) 
and  cortisone  (Aikawa,  Harms,  and  Reardon,  1960)  similarly  affect  magnesium 
balance . 

Usually  cold  stress  has  the  opposite  effect  and  elevates  plasma 
magnesium  concentration.  The  cause  of  serum  magnesium  elevation  in  cold  is 
not  adrenal  hyperactivity  (Neubeiser,  Platner,  and  Shields,  1961)  but  may 
be  due  to  the  loss  of  intracellular  magnesium  from  hypothermic  skin  tissue 
(Moussa  and  Boba,  1960).  The  increased  excretion  of  magnesium  in  the  cold 
may  spare  the  body  of  the  pharmacological  peripheral  actions  of  magnesium 
on  vasodilation  and  paralysis  of  the  neuromuscular  junction  (Heagy  and 
Burton,  1947).  The  increase  in  plasma  magnesium  may  also  be  a  result  of 
the  decrease  in  metabolic  energy  necessary  to  maintain  the  concentration 
gradient  (Hannon  et  al.,  1958). 

Steadman  et  al .  (1943)  reported  that  short-term  cold  stress  caused 
a  mean  serum  magnesium  increase  of  24%  in  rats  and  that  the  levels  were  not 
related  to  the  duration  of  the  cold  exposure  (2  to  5  hr)  nor  to  the  degree 
of  cold  (13  to  22  C).  It  was  suggested  that  the  elevation  of  serum  magnesium 
may  have  been  due  to  an  impairment  of  kidney  function  preventing  magnesium 
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excretion,  or  that  the  magnesium  may  have  been  prevented  from  returning 
to  its  storage  sites  by  the  cold  state. 

Hannon  et  al .  (1958)  found  a  significantly  higher  plasma  magnesium 
level  in  rats  acclimatized  at  5  C  than  in  rats  maintained  at  a  control 
temperature  of  26  C.  Baker  (1960b)  found  that  plasma  magnesium  concen¬ 
trations  were  not  elevated  in  rats  during  the  initial  stages  of  cold 
exposure  but  that,  after  prolonged  cold  exposure,  magnesium  elevation  did 
occur . 

Nowell  and  White  (1963)  found  an  inverse  relationship  between 
daily  photoperiod  and  changes  in  serum  magnesium  in  rats  exposed  to  cold. 
Cold  exposure  during  the  winter  months  resulted  in  a  247o  increase  in 
serum  magensium,  while  cold  exposure  during  the  summer  months  resulted  in 
a  nonsignificant  fall  of  serum  magensium.  There  was  no  difference  between 
cold-acclimatized  and  control  rats  with  respect  to  the  rise  in  plasma 
magnesium  during  cold  stress  (Nowell  and  White,  1964). 

The  known  pharmacological  actions  of  magnesium  are  peripheral 
vasodilation  and  paralysis  of  the  neuromuscular  junction  (Heagy  and  Burton, 
1947).  The  injection  of  1  M  magnesium  chloride  into  dogs  that  were  regu¬ 
lating  against  heat  and  intermittently  panting  caused  an  increase  in  the 
frequency  and  intensity  of  panting  and  a  concomitant  depression  of  body 
temperature.  In  dogs  that  were  neither  panting  nor  shivering,  magnesium 
caused  vasodilation  and  temperature  depression,  while  magnesium  had  little 
effect  on  dogs  that  were  regulating  against  cold  by  shivering.  However, 
when  high  levels  of  magnesium  were  administered,  paralysis,  accompanied  by 
hypothermia,  resulted. 

Moussa  and  Boba  (1960)  reported  that  dogs  will  exhibit  a  linear 
increase  in  plasma  magnesium  relative  to  the  fall  in  core  temperature. 
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Administration  of  magnesium  sulphate  during  hypothermia  caused  increases 
in  plasma  magnesium  levels  and  also  raised  the  lethal  temperature.  It 
therefore  appears  unlikely  that  the  rise  in  plasma  magnesium  is  the  primary 
factor  influencing  core  temperature.  The  changing  plasma  magnesium  seems 
to  be  primarily  a  reflection  of  decreased  magnesium  storage  in  hypothermic 
tissue . 

Plainer  and  Hosko  (1953)  also  found  that  the  rate  of  increase  of 
serum  magnesium  appears  to  depend  on  the  rate  of  fall  of  the  body  temperature 
When  the  increase  of  serum  magnesium  concentration  vias  expressed  per  degree 
centigrade  of  fall  in  the  rectal  temperature,  turtles,  puppies,  hamsters, 
rats,  cats,  and  mature  dogs  ranked  in  this  decreasing  order  between  0.175 
and  0.037  mg  of  magnesium  per  100  ml  of  plasma  per  degree  centigrade  rectal 
temperature  fall.  This  was  in  agreement  with  each  of  these  animal's  ability 
to  resist  a  fall  in  body  temperature  when  exposed  to  cold.  The  increase  in 
serum  magnesium  may  occur  because  a  stimulus  releases  calcium  into  the  cell 
interior  probably  replacing  the  divalent  magnesium  ion  which  is  then 
released  from  the  cell.  This  may  be  a  passive  movement  resulting  from  a 
decreased  rate  of  cellular  metabolism  in  the  hypothermic  areas  of  the  body. 

In  sheep  exposed  to  long-term  cold  (Hess,  1963),  the  mean  plasma 
magnesium  level  was  the  same  as  for  the  control  animals  (0.9  meq/1)  and 
the  urine  magnesium  concentrations  were  the  same.  Consequently,  there  was 
no  significant  correlation  between  degree-hours  and  urine  or  plasma  magnesium 
However,  a  greater  absolute  amount  of  magnesium  was  excreted  in  the  urine 
during  warm  exposure. 

Bailey  (1964)  found  that  short-term  cold  stress  in  sheep  resulted 
in  a  nonsignificant  increase  in  the  mean  plasma  magnesium  concentration  from 
2.6  to  2.9  meq/liter.  These  plasma  magnesium  values  were  about  the  same  as 


aaeBdiofti  basur.a  Blrmsriaoqxrf  snliob  aJErJqfua  raulaan^gBfli  5o  elnimbA 

3l  .  9iulBidqms3  IcriJai  sdj  b92j£>i  oeXf;  bne  alsval  muietngBm  ama&iq  nl 
9;fJ  al  nruiasngBm  G^nealq  ni  sail  arii  Js/fJ  y;la)filnu  STfieqqB  diolaisrid 
em99R  tnul?9Bgtfli  Braasiq  gnignfvrt  <  d/i'I  .  9-ruJBi9qro9J  sioo  gnl9ndul)nl  70J3fii 
Di<n*r3ffXoqyri  ni  sgbioJa  cni/laangBm  baaBsyoab  io  ncljoslisi  s  ^liiianiiq  dd  oi 

.duael:) 

io  s869T9ni  lo  93B:r  sdJ  JBri3  bnuol  oelB  OA^aofi  bnB  idnjaf'I 

/3B7-)qra9J  ybod  9ri3  lo  Iffii  ‘^o  93b'j  arlJ  no  bnoqsb  OJ  83B9qqB  muiesngBm  muiae 
»9ig9b  isq  baaas^qxs  aew  noiJb^Jn^onoo  muiaangam  muiae  io  38B»ianl  sdJ  nsrfW 
^a^sianrferi  ^esiqquq  ,  siul  B'lsqmaJ  la^DSi  srlJ  ni  ilfi5  io  sbfi^gidndo 

2^1.0  fJ99w39d  labTo  gniaseioab  eirii  ni  bajinai  agob  aiuJam  bne  ,«Jbd  ,a3Bi 
[s3o9i  dbaigiinao  sd^gab  “laq  fima&Xq  io  Xm  OOX  TBq  mniaangam  "^o  gn  ^£0.0  bns 
[JiXidB  a' Xeminfi  aasrfd  lo  does  rl3iw  JnamB&'tga  ni  aB&.  aliiT  .XXai  aiuiBisqmBi 

i 

li  saBdioni  sriT  .bXoo  o3  baeoqxa  nadw  B'lu^B'iaqfnsi  \fbod  ni  Xlai  &  Jeisay  o3 
[leo  arii  o3nl  muiolBo  asasdXsi  auXunil^a  b  aauBD^d  juqbo  rafjiasngBfli  muiBa 

neriJ  ai  rioidw  noi  mt/iBsngiifli  insifavib  9ri3  gniosXqsT  vXdBdoiq  loiiBini 

■». 

B  rao7l  gniiXu89:r  insinavom  aviaasq  b  sd  aldT  .XXdo  9ri3  mo^i  bssBBXdi 
Ybctd  ddJ  lo  3B93B  oimiariJoqyd  -BtU  ni  meiXodaiaor  iB^nXIao  io  93s3  bBaediosb 
BcneBiq  nB9(ji  srii  ,  (£d9X  ^aasH)  bXoo  nntBJ-gnoX  o3  b^aoqxs  qseria  nl 

bnB  (iVpara  ^.0)  aXfiminB  iotanOD  arfi  lol  bb  amBe  ad3  asw  lavaX  nibiaangam 
bbw  9i9rf3  t . afiTBS  9tf3  sisw  anol 3 BTdnsbnco  fnuiaa>igB/Tr  dniiu  drii 
EaangBm  BmaBlq  -jo  sniiu  bns  aiuori-aa-xgab  naaw^sd  noiJsXsTioo  JnB^iiingie  on 
snliu  ad3  ni  boiaioxa  eaw  muiaangBm  io  JnuornB  ainloadB  idJBaig  b  *39V9woH 

.STuaoqxd  anBw  gniyub 

bdJXi;8ai  qssria  ni  689*138  bXoo  orras-j^oda  JBri3  b/iuol  (Ad9X)  yaXisd 

j. 

>ii  noiJBTinaonoo  moleangam  nmaBjq  nnani  3ffi  nl  BtBsiDnl  inBOilingianon  b  nl 
IB  am&a  luodB  aisw  eaulav  muieangani  HtnaBiq  aaariT  .lalilNpjai  ^.£  o3  d.£ 


21 


the  values  reported  for  most  other  species,  whereas  the  magnesium  concen¬ 
trations  reported  by  Hess  (1963)  were  abnormally  low.  These  two  workers 
used  essentially  the  same  method  of  chemical  analysis  for  magnesium. 

IV .  Changes  in  body-fluid  compartments 

Cold  exposure  is  accompanied  by  changes  in  the  body-fluid  compart¬ 
ments  (Bass  and  Henschel,  1956;  Evans,  1956).  Some  authors  attribute  changes 
in  plasma  electrolyte  levels  to  accompanying  changes  in  blood  volume  and 
this  may  be  very  legitimate  (Bailey,  1964;  Hannon  et  al . ,  1958;  Spurr  and 
Barlow,  1959) . 

Barbour,  McKay,  and  Griffith  (1943)  proposed  a  widely  quoted  theory 
that  the  hypothalamus  contains  a  'water-shifting  reflex'  which,  during  cold 
stress,  causes  a  centripetal  shift  of  water  into  the  cells.  He  suggested 
that  deep  hypothermia  abolishes  this  reflex  by  depressing  the  central 
nervous  system  causing  a  reverse  water  shift  and  an  increased  extracellular 
fluid  volume.  This  paper  ignored  the  fact  that  the  fluid  shifts  occurred 
during  marked  shivering  (Bass  and  Henschel,  1956).  D 'Amato  (1954)  confirmed 
that  the  fluid  shifts  are  a  result  of  shivering  and  do  not  represent  a 
primary  defence  against  cold. 

A .  Packed  cell  volume 

Packed  cell  volume  or  hematocrit  is  often  used  as  an  indicator  of 
hemodilution  or  hemoconcentration  and  as  an  estimate  of  plasma  and  blood 
volume  (Adolf  and  Molnar,  1946;  Eliot,  Bader,  and  Bass,  1949;  Bass  et  al . , 
1951;  Swan  et  al.,  1953;  Deb  and  Hart,  1956).  The  use  of  hematocrit  may 
have  some  limitations  as  a  means  for  calculating  changes  in  plasma  volume 
(Bass  and  Henschel,  1956).  T-1824  dye  experiments  showed  less  change  in 

blood  volume  than  in  plasma  volume  in  humans.  Swan  et  al.  (1953)  found  that 
hematocrit  gave  larger  calculated  changes  than  either  dye  dilution  calcu- 
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lations  or  plasma  protein  calculations.  Deb  and  Hart  (1956),  using  cold- 
exposed  rats,  found  an  increase  in  the  absolute  blood  and  plasma  volumes 
(T-1824  space)  with  no  difference  in  red  blood  cell  counts  or  hemoglobin 
concentration.  This  was  accompanied  by  an  increased  hematocrit  which 
indicates  an  increased  corpuscular  volume.  On  the  other  hand,  Chang  and  Shoe¬ 
maker  (1963),  who  adminis  tered  labeled  erythrocytes  to  hypothermic  dogs,  found 
a  loss  of  red  blood  cells  which  was  accompanied  by  a  greater  loss  of  plasma 
volume.  This  produced  a  relative  hemoconcentration  and  would  give  a  greater 
change  than  that  calculated  by  using  hematocrit  as  an  indication  of  plasma 
volume  changes . 

Eliot  et  al .  (1949)  found  an  increased  hematocrit  in  nude 
reclining  men  in  an  ambient  temperature  of  15.6  C.  There  was  a  very  close 
agreement  between  calculated  plasma  volume  lost  and  increased  urine  output. 
Hemoconcentration  still  occurred  when  cold  diuresis  was  completely  inhibited 
by  antidiuretic  hormone.  Therefore,  some  other  mechanism  than  diuresis  must 
control  the  plasma  volume.  Adolf  and  Molnar  (1946)  inferred  that  850  ml  of 
water  were  lost  from  the  blood  partly  by  diuresis  and  partly  into  inter¬ 
stitial  fluid  in  cold-exposed  nude  men.  They  found  about  a  12%  increase  in 
hematocrit  when  the  ambient  temperature  dropped  from  26.7  to  15.6  C.  As  the 
temperature  continued  to  drop  to  0.6  C,  there  was  no  further  increase  in 
hematocrit.  D 'Amato  (1954)  found  similar  results  in  dogs.  There  was  a 
marked  increase  in  hematocrit  when  dogs  were  cooled  from  control  temperatures 
to  a  rectal  temperature  of  28  C,  but  further  cooling  the  rectal  temperature 
to  20  C  had  no  significant  additional  effect  on  packed  cell  volume. 

Bass  et  al.  (1951)  found  that  the  increased  hematocrit  in  cold- 
exposed  men  was  modified  with  extended  cold  exposure. 

Everett  and  Matson  (1961),  in  studies  with  labeled  erythrocytes, 
demonstrated  a  significant  increase  in  the  number  of  red  blood  cells  in  rats 
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after  24  hr  of  cold  exposure.  This  was  accompanied  by  a  decreased  hema¬ 
tocrit  and  an  increased  blood  volume.  After  6  weeks  the  total  blood  volume 
was  increased  20%,  with  the  increase  in  erythrocytes  being  greater  than  the 
increase  in  plasma  volume.  This  gave  an  increase  in  hematocrit. 

Hannon  et  al .  (1958)  found  an  increased  hematocrit  in  cold- 
acclimatized  rats  while  Baker  (1960b)  found  an  initial  hemoconcentration 
in  rats  which  was  followed  by  increased  blood  and  body  water  volumes  after 
prolonged  cold  exposure. 

Munday  et  al .  (1958)  found  hemoconcentration  in  hypothermic  rats 
but  found  hemodilution  in  cold-exposed  rats  (Munday  and  Blane,  1960)  in  a 
different  experiment.  Hemodilution  also  occurs  in  the  pigeon  during  both 
short-  and  long-term  cold  stress  and  in  the  reptile  during  short-term  cold 
stress  (Munday  and  Blane,  1961). 

Swan  et  al.  (1953)  found  a  decrease  in  body  water  and  blood  volume 
and  hemoconcentration  in  dogs  and  humans  during  general  hypothermia. 

Plainer  and  Hosko  (1953)  found  hemoconcentrations ranging  from  7.4  to  16.4% 
for  the  turtle,  hamster,  dog,  rat,  and  cat  undergoing  hypothermia. 

Sheep  showed  a  slight  increase  from  36.7  to  36.9%  in  hematocrit  (not 
significant)  when  exposed  to  long-term  cold  (Hess,  1963).  There  was  no 
correlation  between  degree-hours  and  hematocrit.  On  the  other  hand,  Bailey 
(1964)  found  that  sheep  receiving  a  voluntary  water  intake  showed  a  signi¬ 
ficant  (P^O.Ol)  increase  in  hematocrit  from  35.5  to  38.1%  during  short¬ 
term  cold  exposure.  The  results  were  similar  with  sheep  given  1000  g  of 
water  per  day  intraruminally ,  but  the  differences  were  not  significant  in 
animals  which  similarly  received  2000  or  3000  g  of  water  daily. 


-  CS  ' 

-fiinsfl  n  b^lnfiqjffODDfi  spw  sirIT  .aiueoqxs  bloD  io  id  loJifi 

jTuiov  boold  Is^oJ  aria  adasw  d  i9J\A  .sxnuiov  boolcl  baasoianl  /j>i  bno  Jiiaoi 
nBrl3  gniad  aaJyjoiriJy^a  ni  aesaiionl  '^rb  rbiw  baassiunl  eaw 

4  :JiTDOdficidff  ni  aaBsiani  ns  avBg  eidT  .  arrulov  B-uRBiq  ni  safioioni 
-bJo3  ni  iiTuo^Bniari  baeasTanl  na  bnuoi  (8€P1)  .  Ib  Ja  nonnnH 
noliBiinaonoaomari  iBiJlni  nn  bnnoi  (cfOdQI)  7a>fB8  slidw  bIbt  basisanri iaas 
laaiB  aaniulov  fsiBw  xbo<f  bns.  boold  baenaioni  y^d  bawolioi  aBW  rioirh#  aiai  nl 

.aiuaoqxj  bloo  bagnoXoiq 

aJsi  oiraiariioqyri  ni  noi^BiJnaonooorarBrf  bnuoi  (8£^1)  4IB  Js  ysfanuM 

s  ni  (OdQX  ^ansIS  fane  yBbnx;M)  aJei  baaoqxa-bloo  ni  noiit/llboaiad  bnuoi  :)ud 

*■  * 
r 

liod  §niiub  nosgiq  adJ  ni  ewDOo  obIb  noiiuIiboraaH  .inafniiaqxa  Jnaia^iib- 
bloD  mrai-iioda  gni:rub  alllqai  adi  ni  bne  asaTia  bloa  miaJ-gnoX  bna  -iioda 

. (idVI  ,3neXS  bn^  y&bnuM)  aasiie 

amnlov  boold  bne  laiBW  ybod  ni  aasaToab  6  fanuoi  (£2^X)  .ie  Ja  nawH 

4  BimTariioqyd  XsTranag  gni^nb  ansoiud  bns  agofa  ni  noi^Biinaanoaomsd  bnB 
oi  moii  gnignsi  anoi3Bi:Jnaanoaoni9d  bnnoi  (€291)  odaoH  bna  lands!*! 
.BimiariJoqyd  gniogiabnu  iso  bnB  tJBi  tgob  .ladarasd  taXdiud  add 
□n)  JiiaodEfirred  nl  »^9.d£  oJ  V .  d€  moii  -aasaiani  idgila  b  bavoda  qaadS 

L 

on  8BW  aiadT  .  (€d91  ,8a9H)  'bloo  mriai-gnoX  od  baaoqxa  nadw  (dnsoiiingie 
alisfl  jbnsd  laddo  adi  nO  .diiooJfimad  bfiB ,  eiuori-aaigab  naawdad  nold&iaiioo 
-ingie  b  bawoda  ajisdnl  ladsw  yisdnulov  b  gniyiaaai  qaada  dsdd  bni7oi  (^9i) 
“dioda  gnliub  eTi.8€  od  2.2€  nroii  dliooiarnad  ni  aasoiani  (10.0  >^)  dnsoli 
io  g  0001  n.avig  qaada  ddiw  isllmie  aiaw  adluaai  ariT  .aioaoqxa  faXoo  imad 

t 

ni  Jnsaiilngia  don  aiaw  aaonaia^^lb  ad3  dud  ^yX I Balmui aid ni  yub  laq  ladsw 
.yXiab  ladBw  io  g  000€  to  OOOS^  baviaasT  ylTBiimia  daidw  slacains 


'i;  *'1 


24 


EXPERIMENTAL 

I .  Ob  jectives 

A.  To  study  stress  in  the  sheep  resulting  from  short-term  exposure  to 
cold  as  indicated  by  adrenal  cortical  function. 

B.  To  study  changes  in  the  sheep  due  to  short-term  cold  exposure,  in 
eosinophil  count  and  packed  cell  volume,  and  in  the  plasma  concen¬ 
trations  of  sodium,  potassium,  calcium,  magnesium,  and  glucose. 

C.  To  study  the  effect  of  short-term  cold  exposure  on  the  jugular  vein 
and  rectal  temperatures  of  the  sheep, 

II .  Animals 

A .  Preliminary  trial 

Six  mature,  unshorn  wethers  weighing  72  to  102  kg  and  ranging  from 
2  to  5  years  of  age  were  used  in  the  preliminary  trial  during  the  winter  of 
1964  and  1965.  During  the  experiments,  the  animals  were  kept  in  the  meta¬ 
bolism  cages  described  in  Appendix  I.  The  sheep  underwent  a  training  period 
of  at  least  1  week  at  a  control  room  temperature  of  10  to  16.5  C  before  the 
trial  began.  The  animals  were  fed  good-quality  legume  hay  and  received 
water  ad  libitum.  Cobalt-iodized  salt  was  available  at  all  times.  Freedom 
of  movement  within  the  metabolic  cages  was  the  only  exercise  allowed. 

B .  Experiment 

From  the  six  mature  wethers  in  the  preliminary  trial,  three  animals 
(one  4-year-old  and  two  3-year-olds)  were  selected  on  the  basis  of  quietness 
and  ease  of  training.  To  this  group,  one  5-year-old  wether  of  known  quietness 
was  added.  The  animals  weighed  from  72  to  91  kilograms.  The  animals  were 
shorn  to  a  fleece  length  of  about  5  mm  just  before  a  training  period  which 
ranged  from  3  to  7  days.  The  short  fleece  length  was  necessary  to 
intensify  the  cold  effects.  For  the  duration  of  the  training  and  experimental 
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periods,  each  animal  was  kept  in  a  metabolism  cage  inside  the  temperature- 
controlled  chamber  described  in  Appendix  II.  The  first  experimental 
animal  was  given  good-quality  grass-legume  hay  and  water  ad  libitum. 

Animals  two,  three,  and  four  were  given  good-quality  pelleted  grass- 
legume  hay  and  water  ad  libitum.  The  animals  were  fed  and  watered  daily 
at  8:45  AM,  and  the  feed  and  water  consumption  was  recorded  (Appendix  IV). 
Urine  was  collected  and  the  total  urine  volume  was  measured  daily  at 
8:45  AM  (Appendix  IV).  Cobalt-iodized  salt  was  available  at  all  times. 
Freedom  of  movement  within  the  metabolism  cages  was  the  only  exercise 
allowed.  Before  each  animal  was  used  it  was  kept  with  other  wethers  in  a 
pen  in  the  same  barn  that  housed  the  cold  chamber. 

Ill .  Experimental  schedule 
A .  Preliminary  trial 

Three  animals  were  kept  in  metabolism  cages  in  a  heated  room  with 
a  moderately  fluctuating  temperature  of  10  to  16.5  C.  After  the  training 
period,  two  control  samples  of  blood  were  taken  from  each  sheep.  One  was 
taken  at  3:00  PM  and  another  was  taken  at  9:00  AM,  2  days  later.  Following 
the  9:00  AM  sampling  the  sheep  were  transferred  from  the  cages  in  the 
heated  room  to  metabolism  cages  in  the  cold  alley  of  the  barn  which  had  a 
temperature  range  of  -3  to  4  C .  Samples  of  blood  were  subsequently  taken 
at  12:00  M,  3:00  PM,  and  9:00  PM  that  day;  12:00  M  on  the  following  day; 
and  12:00  M  on  the  day  following.  A  total  of  two  control  and  five  treatment 
samples  were  obtained  from  each  sheep.  This  schedule  was  then  repeated  for 
the  other  group  of  three  sheep. 

Rectal  temperatures  and  wet  and  dry  bulb  ambient  temperatures  were 
recorded  periodically. 

The  sampling  schedule  had  to  be  carried  out  when  the  weather  had 
settled  into  a  steady  cold  spell  so  as  to  have  low  temperatures  in  the  alley 
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of  the  barn. 

B .  Experiment 

1)  General 

The  size  of  the  cold  chamber  limited  the  project  in  that  only  one 
animal  could  be  used  at  a  time  and  each  animal  was  kept  in  the  chamber  for 
the  duration  of  the  experiment. 

After  each  animal  was  trained  and  handled  in  the  chamber  for  3  to  7 
days,  the  sampling  schedule  was  begun.  It  consisted  of  a  control  period 
of  3  days,  followed  by  a  cold  period  of  3  days,  and  then  a  rewarmed  period 
of  3  days.  Fourteen  samples  of  blood  were  obtained  during  each  period  to 
give  a  total  of  42  samples  from  each  sheep  over  the  9  days  of  sampling. 

The  schedule  was  repeated  for  each  of  the  four  sheep. 

Wet  and  dry  bulb  and  rectal  temperature  readings  were  taken  immed¬ 
iately  before  each  sample  of  blood  was  taken. 

Jugular  vein  temperature  readings  were  obtained  just  prior  to 
each  sampling  time  for  the  last  two  sheep  in  the  experiment. 

2)  Control  period 

The  temperature  in  the  chamber  was  maintained  at  20.6  -  1.0  C.  On 
day  1,  samples  of  blood  were  taken  at  9:00  AM,  10:30  AM,  12:00  M,  1:30  PM, 
3:00  PM,  4:30  PM,  6:00  PM,  7:30  PM,  and  9:00  PM  for  a  total  of  nine  samples. 

On  day  2,  samples  were  taken  at  9:00  AM,  3:00  PM,  and  9:00  PM. 

On  day  3,  samples  were  taken  at  9:00  AM  and  3:00  PM. 

3)  Cold  period 

Sampling  times  were  the  same  as  for  the  control  period.  Following 
the  9:00  AM  sampling  on  the  1st  day  of  the  cold  period,  the  temperature  in 
the  chamber  was  lowered  over  a  period  of  3  hr  to  a  temperature  of  1.3  t  1.5  C 

*  4- 

Average  temperature  _  one  standard  deviation. 
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for  the  remainder  of  the  cold  period.  Half-way  through  the  cold  period 
the  temperature  was  raised  10  C  or  less  for  about  15  min  while  the  cooler 
coils  were  defrosted. 

4)  Rewarmed  period 

Sampling  times  were  the  same  as  for  the  control  period.  Following 
the  9:00  AM  sampling  on  the  1st  day  of  the  rewarmed  period,  the  temperature 
in  the  chamber  was  allowed  to  increase  over  a  period  of  3  hr  to  a  temperature 
of  19.2  t  2.0  C  where  it  was  maintained  by  adjusting  the  door  opening. 

IV .  Temperature  measurements 

A.  Air  temperature 

The  temperature  within  the  chamber  was  recorded  from  wet  and  dry-bulb 
thermometers.  The  per  cent  relative  humidity  was  calculated  from  these 
readings  using  the  relative  humidity  table  in  Hodgman,  Weast,  and  Selby  (1960) 

B .  Rectal  temperature 

The  procedure  followed  was  that  used  by  Veeraraghavan  (1963) .  Rectal 
temperatures  were  measured  with  a  'Banjo-type'  thermistor  probe  (time  constant 
0.8  sec)  connected  to  a  direct  reading  bridge  thermistor  instrument  (YSI  12- 
channel  tele- thermometer^) .  The  depth  of  insertion  was  10  cm  and  the  probe 
was  held  until  a  constant  reading  was  obtained.  The  'Banjo'  probe  was 
previously  calibrated  with  a  mercury  thermometer  and  found  to  have  precision 
and  linearity  over  the  normal  range  of  body  temperatures. 

C .  Jugular  vein  temperature 

The  procedure  followed  was  that  used  by  Veeraraghavan  (1963) . 

Jugular  vein  temperatures  were  measured  with  a  thermistor  probe  (time  constant 
0.6  sec)  embedded  in  the  tip  of  a  22-gauge  hypodermic  needle  10  cm  in  length 
which  was  connected  to  the  YSI  tele- thermometer .  The  temperatures  were 

^Yellow  Springs  Instrument  Co.,  Inc.,  Yellow  Springs,  Ohio,  USA. 
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recorded  by  inserting  the  hypodermic  probe  in  either  the  left  or  right 
jugular  vein  in  the  mid-neck  region .  The  sudden  rise  of  the  indicator  needle 
on  the  tele- thermometer  confirmed  the  entry  of  the  probe  into  the  jugular 
vein  after  it  had  passed  through  the  skin.  The  probe  was  carefully  held 
in  this  position  until  a  constant  reading  was  obtained.  The  readings 
were  then  corrected  from  a  conversion  chart  previously  prepared  by  compar¬ 
ison  of  readings  obtained  with  the  hypodermic  needle  to  those  obtained 
with  the  'Banjo'  probe.  The  conversion  chart  gave  a  linear  relationship 
between  the  two  probes  over  the  short  temperature  range  measured  (Appendix  V) . 

V .  Sampling  of  blood 

Blood  samples  of  about  10  ml  were  obtained  from  either  the  right 

2 

or  left  jugular  vein  using  a  B-D  Vacutainer  assembly  fitted  with  a  1.5  inch 
20-gauge  needle.  After  the  sample  was  obtained  it  was  inverted  slowly  at 
least  five  times  to  ensure  mixing  with  the  anticoagulant.  The  stoppered 
vacutainer  sample  tubes  contained  0.2  cc  of  Heparin  Sodium,  USP  (1000  USP 
heparin  units/cc)  and  were  evacuated  to  a  negative  pressure  of  700  mm  of 
mercury . 

VI .  Analytical  procedures 

A .  Hematocrit  or  packed  cell  volume 

Within  5  min  after  drawing  each  blood  sample,  duplicate  aliquots  of 
blood  were  drawn  into  micro-capillary  tubes  which  were  then  sealed  with 
modelling  clay.  These  micro-capillary  tubes  were  centrifuged  in  an  lEC 
micro-capillary  centrifuge^  for  15  min  at  11,500  revolutions  per  minute. 

The  per  cent  packed  cell  volume  was  then  read  directly  from  an  lEC  micro- 

O 

^Becton,  Dickinson  and  Co.,  Rutherford,  New  Jersey,  USA. 

^Eli  Lilly  and  Co.,  Indianapolis,  Indiana,  USA. 

^International  Equipment  Co.,  Boston,  Massachusetts,  USA. 
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capillary  reader^  and  recorded. 

B .  Eosinophil  counting 

While  the  hematocrit  samples  were  being  centrifuged,  eosinophil 
counts  were  made.  The  procedure  followed  was  that  used  by  Speirs  and 
Meyer  (1949),  with  slight  modification.  A  2-cc  syringe  with  a  short  rigid 
piece  of  plastic  tubing  attached  to  the  Luer-lok  connection  served  as  an 
aspirator  for  filling  the  pipets. 

Blood  was  drawn  into  the  white  blood  cell  diluting  pipet  until  the 
0.5  mark  was  reached.  The  diluent  (Appendix  VI)  was  then  drawn  into  the 
pipet  until  the  11  mark  was  reached.  The  pipet  was  shaken  by  hand  at 
right  angles  to  the  capillary  stem  for  60  sec,  the  first  5  drops  were 
discarded,  and  then  both  sides  of  the  counting  chamber^  were  filled 
carefully.  The  chamber  was  allowed  to  stand  for  several  minutes  and  then 
each  chamber  was  counted  under  a  microscope  with  a  lOX  ocular  and  a  lOX 
objective  lens.  All  16  squares  were  counted  in  each  chamber.  The  results 
were  divided  by  two  to  find  the  average  and  multiplied  by  a  factor  of  6,25 
to  obtain  the  number  of  eosinophils  per  sample  (Appendix  VI). 

The  eosinophils  are  easily  recognizable  as  distinct  pink  bodies  of 
granules  within  the  cell  that  stand  against  a  colorless  background.  The 
granules  may  be  in  a  central  mass  or  scattered  around  the  periphery  of  the 
cell.  The  nucleus  is  completely  colorless,  sometimes  resulting  in  granules 
being  arranged  around  the  invisible  nucleus  in  a  quarter-moon  configuration. 

C .  Plasma  samples 

After  the  removal  of  aliquots  for  hematocrit  determination  and 
eosinophil  counting,  the  remaining  whole  blood  was  centrifuged  at  about 
2500  rpm  for  10  to  12  minutes.  The  plasma  was  drawn  off  and  put  in  small, 

^International  Equipment  Co.,  Boston,  Massachusetts,  USA. 

Fuchs-Rosenthal  Chamber,  0.2  mm  deep,  C.  A.  Hausser  and  Son, 

Philadelphia,  Pennsylvania,  USA. 
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capped,  plastic  capsules.  The  plasma  samples  were  kept  cool  for  a  few 
hours  until  they  could  be  brought  into  the  laboratory  where  they  were 
quickly  frozen  and  stored  for  later  analyses  for  sodium,  potassium, 
calcium,  magnesium,  and  glucose. 

D.  The  determination  of  sodium,  potassium,  and  calcium  by 

flame  photometry 

The  procedure  used,  with  slight  modifications,  was  developed  by 
Kingsley  and  Schaffert  (1953).  A  Beckman  DU  quartz  spectrophotometer^ 
with  a  flame  photometer  attachment  and  a  photomultiplier  tube  incorpor¬ 
ated  into  the  spectrophotometer  was  used  for  the  determinations. 

Details  of  the  preparation  of  reagents  and  the  derivation  of 
formulas  are  found  in  Appendix  VI. 

The  flame  photometer  was  equipped  with  an  oxygen-hydrogen  atomizer. 
The  hydrogen  fuel  pressure  was  set  at  5  psi  and  the  oxygen  pressure  at 
16  psi  for  the  sodium  and  potassium  analyses.  For  the  calcium  analysis, 
the  oxygen  pressure  was  reduced  to  11  psi  and  the  hydrogen  pressure 
increased  to  6  psi  to  obtain  a  greater  sensitivity.  The  flame  photometer 
was  started  and  adjusted  in  accordance  with  the  operating  manual  supplied^. 
Samples  and  standards  were  prepared  by  adding  0.2  ml  of  plasma  or 

g 

standard  with  a  'pipet  calibrated  to  contain'  to  10  ml  of  0.02%  Sterox 
in  a  test  tube.  The  pipet  was  filled  and  washed  out  three  times  with  the 
Sterox  solution.  The  solution  was  then  mixed  well. 

1)  Sodium 

The  settings  used  for  sodium  determination  were:  wavelength,  589  mp; 
slit  width,  0.02  mm;  spectrophotometer  sensitivity,  five  turns  clockwise; 
power  supply  sensitivity,  position  six;  resistance  switch,  position  two; 

^Beckman  Instruments  Inc.,  Fullerton,  California,  USA. 

^Sterox,  S.E.,  Monsanto  Chemical  Co.,  St.  Louis,  Missouri,  USA. 
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phototube  knob,  out,  to  position  photomultiplier  tube. 

With  the  blank  (0.02%  Sterox)  in  position,  the  phototube  switch 
on,  and  the  transmittance  scale  set  at  0%  T,  the  null  point  needle  was 
adjusted  to  zero  by  adjusting  the  dark  current  knob.  A  150  meq/1  sodium 
standard  was  then  placed  in  position  and  with  the  transmittance  scale  set 
at  75%  T  the  null  point  needle  was  adjusted  to  zero  by  adjusting  the 
sensitivity  knob.  Then  125  and  100  meq/1  sodium  standards  were  read  by 
placing  them  in  position  and  setting  the  null  point  needle  to  zero  via 
the  transmittance  knob.  If  the  100  meq/1  standard  did  not  read  approxi¬ 
mately  62.5%  T,  the  procedure  was  repeated.  If  it  did  read  approximately 
62.5%,  T,  the  unknowns  were  read  in  the  same  manner  as  the  two  less- concentrated 
standards.  The  blank  was  used  after  every  third  sample  to  reset  the  0%  T 
reading  and  the  dark  current  was  adjusted  accordingly.  At  the  end  of 
every  set  of  unknowns  the  150  meq/1  sodium  standard  was  again  read.  If 
the  reading  differed  from  75%  T  by  more  than  1%  T,  the  results  were  discarded 
and  the  samples  were  reread.  Each  sample  was  done  in  duplicate  and  each 
duplicate  was  read  twice.  These  four  readings  were  averaged  for  each  sample 
and  the  sodium  concentration  was  obtained  by  means  of  the  following  formula: 

(4  X  unknown  reading)  -  150  =  meq/1  of  sodium 
2)  Potassium 

The  settings  used  for  potassium  determination  were:  wavelength, 

770  m^;  slit  width,  0.5  mm;  spectrophotometer  sensitivity,  five  turns  clock¬ 
wise;  power  supply  sensitivity,  position  nine;  resistance  switch,  position 
three;  phototube  knob,  in,  to  position  red  phototube. 

The  procedure  was  similar  to  that  used  for  sodium  except  that  the 
most  concentrated  standard  was  set  at  50%,  T. 
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The  potassium  concentration  was  obtained  by  inserting  the  mean 
value  of  the  four  readings  for  each  sample  into  the  following  formula: 

unknown  reading  =:  meq/1  of  potassium 
10 


3)  Calcium 

The  settings  used  for  calcium  determinations  were:  wavelength, 

422.7  mp;  slit  width,  0.05  mm;  spectrophotometer  sensitivity,  two  turns 
clockwise;  power  supply  sensitivity,  position  eight;  resistance  switch, 
position  two;  phototube  knob,  out,  to  position  photomultiplier  tube. 

The  procedure  was  then  continued  as  for  sodium,  except  that  the 
most  concentrated  standard  was  set  at  507o  T. 

The  calcium  concentration  was  obtained  by  inserting  the  mean  value 
of  the  four  readings  for  each  sample  into  the  following  formula: 

unknown  reading  •=■  meq/1  of  calcium 
10 

E.  The  volumetric  determination  of  calcium  and  magnesium 

The  method  of  Carr  and  Frank  (1956),  which  involves  titration  with 
ethylenediamine  tetraacetate  (EDTA)  to  an  endpoint  indicated  by  eriochrome 
black  T  (EBT),  was  used  with  slight  modification.  The  technique  allows 
the  titration  of  the  calcium  and  magnesium  without  first  precipitating 
the  protein. 

The  reagents  were  prepared  as  indicated  in  Appendix  VI. 

All  of  the  determinations  were  done  in  duplicate. 

Either  1.0  ml  of  mixed  standard  or  1.0  ml  of  plasma  were  placed  in 
12-ml  graduated  centrifuge  tubes  and  2.5  ml  of  deionized  water  were  added, 
followed  by  0.5  ml  of  the  saturated  solution  of  ammonium  oxalate.  The 

9 

contents  were  mixed  well  using  a  Vortex  test  tube  mixer  and  the  tubes 
^Vortex  Jr.  Mixer,  Scientific  Industries  Inc.,  Springfield,  Massachusetts,  USA. 
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were  capped  with  parafilm.  The  tubes  were  then  allowed  to  stand  over¬ 
night  to  allow  complete  precipitation. 

The  tubes  were  next  centrifuged  for  15  min  at  900  x  g  and  the 
supernatant  solutions  were  decanted  off  into  labeled  test  tubes  for  the 
analysis  of  magnesium.  The  centrifuge  tubes  containing  the  precipitated 
calcium  oxalate  were  inverted  for  5  min  on  filter  paper. 

1)  Calcium 

Using  a  fine  spray  from  a  wash  bottle,  the  precipitated  calcium 
oxalate  was  broken  up  with  about  5  ml  of  the  dilute  solution  of  ammonium 
hydroxide.  The  contents  were  mixed  on  the  Vortex  mixer  and  were  then 
centrifuged  for  12  min  at  900  x  g.  The  supernatant  solution  was  decanted 
off  and  discarded.  The  centrifuge  tubes  were  tapped  with  a  finger  to 
loosen  the  washed  precipitate. 

The  precipitate  was  then  dissolved  with  1.0  ml  of  the  perchloric 
acid  solution  and  3.0  ml  of  the  ethanolamine-magnesium-EDTA  complex  were 
added.  The  samples  were  titrated  within  5  min  in  order  to  avoid  the 
reprecipitation  of  calcium  oxalate. 

"hvo  or  three  drops  of  EBT  indicator  were  added  to  each  tube  and 
the  calcium  was  determined  by  titration,  with  the  working  solution  of 
EDTA  for  the  analysis  of  calcium  delivered  from  a  10-ml  buret.  The  end 
point  is  a  clear,  sky-blue  color.  All  the  tubes  in  each  set  were  brought 
to  the  same  end-point  color  obtained  for  the  standard.  Thorough  mixing  was 
ensured  by  using  the  Vortex  mixer  during  titration. 

The  calcium  concentration  was  then  calculated  from  the  average  of 
the  duplicates  by  the  formula: 

sample  titration  x  standard  Ca  _  meq/1  of  Ca 
standard  titration 
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2)  Magnesium 

Initially,  a  3.0-ml  aliquot  of  the  supernatant  fluid  collected 
earlier  was  put  into  a  50-ml  Erlenmeyer  flask  for  titration.  With  such 
a  small  volume,  the  end  point  was  difficult  to  see,  so  in  later  analyses 
the  3.0-ml  aliquot  was  put  into  a  10-ml  test  tube  and  mixed  by  means  of 
the  Vortex  mixer  during  titration.  This  enabled  a  much  easier  determin¬ 
ation  of  the  end  point. 

In  either  case,  3.0  ml  of  a  solution  of  ethanolamine  and  two  or 
three  drops  of  the  solution  of  EBT  were  added  to  the  3.0-ml  aliquot  of 
supernatant  fluid.  With  the  use  of  a  10-ml  buret,  the  magnesium  was 
titrated  immediately  with  the  working  solution  of  EDTA  for  the  analysis 
of  magnesium.  The  end  point  was  similar  to  that  for  the  titration  of 
calcium.  However,  in  the  magnesium  determination,  care  had  to  be  taken 
to  avoid  over-titration,  as  the  color  was  slower  developing  than  was  the 
case  for  calcium. 

The  magnesium  concentration  was  then  calculated  from  the  average 


of  the  duplicates  by  the  formula: 

sample  titration  x  standard  Mg 

standard  titration 


meq/1  of  Mg 


F .  The  determination  of  plasma  glucose 

Plasma  glucose  concentrations  were  determined  through  the  use  of 
a  Technicon  Auto  Analyzer^^.  The  procedure  measures  the  decolor ization  of 
potassium  ferricyanide  in  the  potassium  ferricyanide-potassium  ferrocyanide 
oxidation  reduction  reaction.  The  color  was  measured  at  420  mp  using  a 
flow  cuvette  with  a  15-mm  light  path  according  to  the  micro-glucose  procedure 
supplied  with  the  Auto  Analyzer. 

The  plasma  was  diluted  0.5  ml  to  3.33  ml  for  a  dilution  of  1:6.67 
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Technicon  Instruments  Corporation,  Chauncey,  New  York,  USA. 
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using  an  automatic  dilutor^^.  The  determination  was  then  made  with  the 
Auto  Analyzer  running  at  the  rate  of  60  determinations  per  hour.  Each 
sample  was  prepared  in  duplicate  and  each  duplicate  was  run  through  twice 
to  provide  four  readings  on  each  sample. 

Each  peak  was  then  read  on  an  Auto  Analyzer  N2  blood  glucose  chart 
reader  and  an  average  value  determined  for  each  sample.  This  value  was 
then  multiplied  by  2/3  because  the  standards  supplied  by  Technicon 
correspond  to  a  1:10  dilution  of  the  sample. 

G.  Statistical  analysis 

Where  applicable,  the  analysis  of  variance  was  used  to  assist  in 
interpreting  data.  This  was  done  using  program  BMD02V  (analysis  of 
variance  and  factorial  design)  and  the  IBM  7040  in  the  Department  of 
Computing  Science,  University  of  Alberta,  Edmonton,  Alberta. 

The  data  were  further  analyzed  through  the  use  of  the  F  test  and 
Duncan's  new  multiple  range  test  (Steel  and  Torrie,  1960).  Sheep,  temper¬ 
ature  treatment,  and  sampling  time  were  considered  as  fixed  effects. 

The  t  test  was  used  to  measure  the  precision  of  the  two  methods 
for  doing  calcium  determinations  (Appendix  VII). 

A  program  was  designed  to  make  use  of  the  IBM  7040  for  the  conversion 
of  the  data  to  a  relative  basis  which  would  facilitate  graphical  expression 
of  the  results.  The  actual  values  of  the  various  parameters  studied  are 
recorded  in  Appendix  III. 
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Automatic  dilutor,  Labindus tries,  Berkeley,  California,  USA. 
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RESULTS,  DISCUSSION,  AND  SUMMARY 

I.  Preliminary  trial 

A.  Results  and  discussion 

Transferring  the  sheep  from  the  heated  room  (10  to  16.5  C)  to  the 
cold  alley  of  the  barn  (-3  to  4  C)  resulted  in  a  rapid  decrease  in  the 
number  of  circulating  eosinophils  (Fig.  1)  with  a  minimum  count  being 
obtained  6  hr  after  the  beginning  of  cold  exposure.  At  the  6- hr  sampling 
time  the  eosinophil  count  had  decreased  26%  from  a  control  value  of 

o 

786/mm  .  After  27  hr  of  cold  exposure  the  eosinophil  count  had  increased 
again  to  a  maximum  level  which  was  27%  greater  than  the  control  value. 

The  rapid  decrease  in  circulating  eosinophils  suggests  adrenal 
cortical  hyperactivity  due  to  stress  (Speirs  and  Meyer,  1949;  Miller,  1955). 
In  this  respect,  Weeth  et  al.  (1959)  have  reported  that  a  combination  of 
cold  and  fasting  produced  eosinopenia  in  the  sheep. 

After  6  hr  of  cold  exposure,  both  plasma  potassium  and  plasma 
sodium  had  increased  about  6%  (Fig.  1)  over  the  respective  control  values 
of  4.65  and  143.9  meq/ liter.  The  sodium  concentration  then  returned  to 
its  control  value  and  remained  near  that  level  for  the  remainder  of  the 
cold  period.  On  the  other  hand,  potassium  concentration  remained  3  to  8% 
higher  than  the  control  value,  except  for  the  last  sample  taken  during 
the  period  of  cold. 

The  fact  that  plasma  sodium  concentration  increased  as  the 
eosinophil  count  decreased  and  then  reversed  its  direction  of  change 
when  the  eosinophil  count  started  to  return  to  normal  (Fig.  1)  is  sugges¬ 
tive  of  increased  minerocor ticoid  production  during  the  period  of  adrenal 
cortical  hyperactivity.  Such  a  conclusion  is  supported  by  the  suggestion 
by  Munday  and  Blane  (1961)  that  increased  minerocor ticoid  production  occurs 
during  the  early  stages  of  cold  exposure. 
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Fig.  1.  Effect  of  cold  exposure  on  blood  eosinophil  counts,  plasma  sodium, 
plasma  potassium,  plasma  calcium,  and  plasma  magnesium 
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The  increases  in  plasma  sodium  and  potassium  are  in  agreement  with 
work  done  by  others  using  sheep.  Hess  (1963)  found  nonsignificant  increases 
in  plasma  sodium  and  potassium  concentrations,  while  Bailey  (1964)  found 
significant  (P4.  0.05)  increases  in  plasma  sodium  and  nonsignificant 
increases  in  potassium  during  short-term  exposure  to  cold. 

Plasma  calcium  and  magnesium  concentrations  both  decreased  about 
6%  after  3  hr  of  exposing  the  sheep  to  cold.  Calcium  then  increased, 
approaching  the  control  value  (5.16  meq/1).  The  magnesium  concentration 
showed  only  a  transitory  return  to  its  control  value  of  1.85  meq/1  and 
after  51  hr  in  the  cold  alley  plasma  magnesium  concentrations  of  the  sheep 
had  decreased  by  11  per  cent. 

Although  the  decrease  in  the  plasma  calcium  concentration  found  in 
this  preliminary  trial  is  the  opposite  to  the  change  noted  in  rats  (Elliott 
and  Crismon,  1947)  and  sheep  (Bailey,  1964),  the  calcium: potassium  ratio 
decreased  from  1.11  at  the  beginning  of  cold  to  1.05  after  3  hr  of  cold, 
which  is  in  agreement  with  the  work  reported  by  Elliott  and  Crismon  (1947) . 

Normally  cold  stress  causes  an  elevation  in  the  magnesium  concen¬ 
trations  of  both  plasma  and  urine.  Urinary  magnesium  excretion  increases 
in  order  to  remove  excess  magnesium  released  into  the  plasma  from  peri¬ 
pheral  tissues  during  cold  (Heagy  and  Burton,  1947).  Bailey  (1964)  found 
a  nonsignificant  rise  in  plasma  magnesium  concentration  in  sheep  exposed 
to  the  cold. 

The  decreases  in  plasma  magnesium  concentration  in  the  preliminary 
trial  of  the  present  project  show  the  typical  decrease  due  to  increased 
aldosterone  production  as  described  by  Care  and  Ross  (1963)  and  Scott  and 
Dobson  (1965). 

Thus,  while  all  the  other  parameters  indicate  stress  in  the  prelim- 
0xperiment,  the  observed  changes  rn  the  plasma  magnesium  concentrations 
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are  not  those  typically  expected  due  to  cold  stress.  Therefore,  it 
seemed  apparent  that  the  stressor  agent  causing  the  adrenal  hyperactivity 
may  not  have  been  cold. 

Reid  and  Mills  (1962)  showed  that  the  emotional  stress  which 
occurred  when  sheep  were  moved  about  or  changed  from  their  regular  training 
program  caused  abrupt  increases  in  cortisol  levels  within  2  to  4  hr  of  the 
handling.  This  occurred  even  when  the  sheep  showed  no  visible  signs  of 
stress.  In  later  work,  Reid  (1962)  found  that  cold  stress  also  caused  an 
increase  in  plasma  cortisol  but  that  this  increase  was  delayed  several 
hours  longer  than  when  the  sheep  were  subjected  to  emotional  stress.  Cold 
caused  a  more  prolonged  high  level  of  plasma  cortisol  than  did  emotional 
stress. 

In  the  preliminary  trial  of  the  present  study  the  sheep  were 
moved  from  metabolism  cages  in  the  warm  room  into  metabolism  cages  in  the 
cold  room.  The  animals  showed  considerable  excitement  at  this  transfer. 

It  appeared,  then,  that  a  more  discriminating  trial  was  necessary  to  see 
if  the  stress  indicated  by  the  observed  eosinophil  and  electrolyte  changes 
was  emotional  or  cold  induced. 

B.  Summary 

1)  Eosinophil  counts  decreased  rapidly  in  the  sheep  during  the 
first  6  hr  of  cold  exposure  but  returned  to  normal  after  12  to  27  hr  in 
the  cold. 

2)  The  plasma  sodium  and  potassium  concentrations  increased  during 
the  first  6  hr  of  cold  exposure  and  then  approached  the  control  values 
after  12  hr  of  cold. 

3)  The  plasma  calcium  concentration  showed  a  transitory  decrease 
during  the  first  6  hr  of  cold  exposure. 
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4)  The  plasma  magnesium  concentration  showed  a  slow  but  marked 
decrease  throughout  the  51-hr  cold  period. 

5)  The  parameters  studied  indicated  that  the  sheep  were  subjected 
to  stress  in  the  cold  period.  The  stress,  however,  may  have  been  emotional 
rather  than  due  to  the  cold. 

II.  Experiment 

A.  General  responses  of  the  animals  to  cold 

After  3  to  4  hr  of  cold  exposure  (1.3  -  1.5  C)  visible  shivering 
began.  Shivering  continued  throughout  the  cold  period  except  in  the  case 
of  one  animal  which  stopped  visible  shivering  during  the  last  24  hr  of 
cold  exposure.  All  of  the  sheep  appeared  extremely  uncomfortable  in  the 
cold,  and  huddled  in  the  cage  when  resting. 

Feed  consumption  was  depressed  during  the  first  24  hr  of  cold 
exposure  but  then  increased  again  to  the  control  level  after  3  days  in 
the  cold.  There  was  a  significant  (P<C0.05)  difference  in  the  consumption 
of  pellets  between  individual  sheep.  There  were  no  significant  differences 
between  the  average  daily  feed  consumed  in  the  three  periods.  These  data 
are  recorded  and  analyzed  in  Appendix  IV,  Tables  1  and  2. 

Average  daily  water  consumption  was  significantly  higher  (P  ^  0.05) 
during  the  rewarming  period  than  during  the  cold  period,  but  the  average 
daily  water  intakes  during  both  of  these  periods  were  not  significantly 
different  from  those  observed  during  the  control  period  (Appendix  IV, 

Table  2). 

Average  daily  urine  volume  was  not  significantly  changed  by  cold 
exposure  (Appendix  IV,  Table  2). 
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B.  Body  temperature 

1)  Results  and  discussion 

Cold  exposure  significantly  (P  ^  0.01,  see  Appendix  III,  Table  2) 
lowered  the  mean  rectal  temperature  from  39.0  to  38.8  C  (Appendix  III, 

Table  5).  During  the  rewarm  period  the  mean  recta  i  temperature  was  signi¬ 
ficantly  (P<(0,01)  increased  to  38.9  C. 

The  rectal  temperature  did  not  show  an  appreciable  fall  until  after 
the  first  12  hr  of  cold  exposure  (Fig.  2  and  Table  1)  and  it  then  remained 
depressed  for  the  remainder  of  the  cold  period.  After  5  hr  during  the 
rewarm  period,  the  rectal  temperatures  returned  to  normal. 

The  mean  jugular  vein  temperatures  were  decreased  significantly 
(P  0.05)  in  the  cold  from  38.5  to  38.4  C  (Appendix  III,  Tables  2  and  5) 
and  subsequent  i y  increased  again  l:o  38.5  C  in  the  rewarming  period 
(significant,  P  <(  0.05). 

The  jugular  vein  temperature  decreased  rapidly  during  cold  exposure 
and  returned  to  the  control  value  12  hr  after  cold  exposure  began  where 
they  remained  constant  thereafter  except  for  a  transitory  decrease  at  48  hr 
cold  exposure  (Fig.  3  and  Table  1). 

The  lag  indicated  by  measurement  of  rectal  temperatures  when 
compared  to  jugular  vein  temperatures  is  comparable  to  that  found  by 
Veeraraghavan  (1963). 

The  body  temperatures  reported  are  within  the  range  of  38.3  to  39,9  C 
reported  for  sheep  by  Dukes  (1955)  and  compare  favorably  with  those  of 
Bailey  (1964),  Hess  (1963),  and  Veeraraghavan  (1963). 

Veeraraghavan  (1963),  who  studied  sheep  kept  at  an  ambient  temper¬ 
ature  of  23  to  27  C,  found  the  rectal  temperature  to  be  about  0.2  C  lower 

than  the  jugular  vein  temperature  in  the  same  animals.  However,  in  the 
present  study,  jugular  vein  temperatures  were  0.4  to  0.5  C  lower  than  rectal 
temperatures.  The  latter  results  agree  with  those  shown  for  the  dog  by 

Horvath,  Rubin,  and  Foltz  (1950). 
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Table  1.  Mean  rectal  and  jugular  vein  temperatures  (C) 
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Fig.  3.  Effect  of  ambient  temperature  on  jugular  vein  temperature 


o 


00 


00 


CO 


00 


00 


00 


00  00 


oo 


00  ro 


tn 


44  - 


2)  Summary 

a)  The  jugular  vein  and  rectal  temperatures  were  both  signifi¬ 
cantly  lowered  by  the  cold  treatment. 

b)  The  rectal  temperatures  showed  a  thermal  lag  when  compared 
to  changes  in  the  jugular  vein  temperatures. 

c)  The  mean  jugular  vein  temperatures  were  0.4  to  0.5  C  lower 
than  mean  rectal  temperatures. 

C.  Packed  cell  volume 

1)  Results  and  discussion 

When  the  mean  values  for  each  treatment  were  compared  it  was  found 
that  cold  exposure  resulted  in  a  nonsignificant  increase  in  the  packed  cell 
volume  of  the  blood,  whereas  rewarming  the  environment  caused  a  significant 
(P  0.01)  decrease  in  the  mean  packed  cell  volume  (Appendix  III,  Tables  3 
and  5). 

The  nonsignificant  increase  from  34.0  to  34.4%  in  mean  packed  cell 
volume  in  the  sheep  due  to  cold  is  in  agreement  with  the  observations 
reported  by  Hess  (1963)  during  long-term  cold  exposure.  Bailey  (1964) 
found  that  short-term  exposure  of  the  sheep  to  cold  caused  a  larger  increase 
in  packed  cell  volume.  A  rewarming  period  following  1  week  of  cold  exposure 
brought  about  a  decrease  in  packed  cell  volume  similar  to  the  result  reported 
in  the  present  study  (Bailey,  1964).  The  mean  packed  cell  volumes  for  each 
sampling  time  over  the  three  periods  are  shown  in  Appendix  III,  Table  6. 

The  relative  changes  in  packed  cell  volume  with  time  in  the  three 
treatment  periods  are  tabulated  in  Table  2  and  are  shown  graphically  in 
Fig.  4.  In  these  data,  the  first  value  in  each  period  has  been  set  at  100 
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Fig,  5,  Expected  effect  of  packed  cell  volume  changes 
on  the  concentration  of  plasma  components 
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Although  the  treatment  means  for  the  control  and  cold  periods  were 
not  significantly  different,  it  appears  from  Fig.  4  that  the  packed  cell 
volume  decreased  in  the  control  and  rewarm  periods  but  increased  in  the 
cold  period.  The  initial  decreases  in  the  two  warm  periods  may  reflect 
the  amount  of  blood  cells  removed  during  sampling.  Certainly  all  of 
the  change  cannot  be  accounted  for  by  blood  removal.  The  greater 
decrease  in  packed  cell  volume  during  the  rewarm  period  and  the  increase 
during  the  cold  period  relative  to  the  control  period  seem  to  suggest 
hemodilution  and  hemoconcentra tion,  respectively,  in  the  two  periods. 

If  changes  in  the  packed  cell  volume  can  be  taken  to  be  at  least 
partly  indicative  of  the  plasma  volume,  it  could  be  expected  that  the 
apparent  numbers  of  other  blood  cells,  such  as  of  eosinophils,  would 
change  in  the  same  direction  and  to  the  same  relative  extent  as  the  packed 
cell  volume.  In  addition,  as  packed  cell  volume  increased,  so  might  the 
concentrations  of  soluble  components  in  the  plasma.  Fig.  5  shows  the 
expected  relative  change  in  the  concentration  of  a  soluble  plasma  com¬ 
ponent  if  the  change  was  solely  due  to  hemodilution  or  hemoconcentra tion 
as  suggested  by  packed  cell  volume.  The  effects  indicated  in  Fig.  5  would 
be  expected  to  apply  most  accurately  to  short-term  changes  in  plasma  volume 
since  changes  in  the  plasma  concentrations  of  ions  would  tend  to  be  levelled 
after  some  time  by  the  diffusion  of  the  ions  to  or  from  other  body  fluids. 

In  such  a  case,  the  expected  changes  would  be  of  somewhat  smaller  magnitude 
than  indicated  in  Fig.  5. 

The  values  obtained  for  packed  cell  volume  at  the  start  of  the 
experiment  were  comparable  to  those  obtained  by  Hess  (1963)  and  Bailey  (1964). 
However,  the  mean  values  were  lower  in  the  present  experiment.  This  was 
probably  due,  in  part,  to  the  large  number  of  samples  taken  over  a  short 
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2)  Sununary 

a)  When  values  were  averaged  over  each  treatment,  there  was  no 
increase  in  the  mean  packed  cell  volume  due  to  cold  exposure. 

b)  There  did  appear,  however,  to  be  a  relative  increase  in  packed 
cell  volume  due  to  cold  exposure. 

D.  Eosinophil  counts 

1)  Results  and  discussion 

When  the  mean  concentrations  for  each  treatment  were  compared,  it 

was  found  that  cold  exposure  significantly  (P<  0.01)  decreased  the  mean 

concentration  of  circulating  eosinophils  from  203  to  151/mm^,  but  the 

,  3 

average  rewarm  concentration  of  164/mm  was  not  significantly  different 
from  the  average  concentration  of  the  cold  period  (Appendix  III,  Tables 
3  and  5)  . 

The  mean  eosinophil  counts  for  each  sampling  time  over  the  three 

treatment  periods  are  shown  in  Table  7,  Appendix  III. 

The  relative  changes  in  circulating  eosinophils  with  time  in  the 

three  periods  are  tabulated  in  Table  3  and  depicted  graphically  in  Fig.  6. 

3 

The  initial  concentration  of  220  circulating  eosinophils/mm  for 
the  cold  period  was  depressed  up  to  61%  by  the  cold  treatment.  On  the 
other  hand,  the  rewarm  treatment  resulted  in  an  increase  of  up  to  110% 

O 

over  that  period's  initial  value  of  104  eosinophils/mm  .  Therefore,  it  is 
evident  that  cold  causes  a  large  depression  of  circulating  eosinophils. 

Due  to  the  results  from  one  sheep  which  had  a  low  eosinophil  count 
throughout  the  project,  the  mean  values  obtained  are  about  30%  lower  than 
those  obtained  by  Hess  (1963). 

When  comparing  Fig.  6  to  Fig.  5,  it  will  be  noted  that  the  changes 

in  eosinophil  count  are  opposite  in  direction  to  the  changes  that  would 

have  to  occur  if  the  changes  in  eosinophil  count  are  to  be  explained  by  plasma 
volume  changes  indicated  on  the  basis  of  packed  cell  volume  alterations. 
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Fig.  7 .  Effect  of  temperature  on  plasma  sodium  concentration 
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Therefore,  the  depression  in  eosinophil  count  can  be  taken  to 
indicate  adrenal  cortical  hyperactivity  during  the  cold  period. 

2)  Summary 

a)  Cold  exposure  of  the  sheep  caused  a  large  and  significant 
(P  <  0.01)  d  ecrease  in  circulating  eosinophils, 

b)  The  decrease  cannot  be  accounted  for  by  the  change  in 
packed  cell  volume,  and  can  be  taken  as  an  indication  of  adrenal  cortical 
hyperactivity . 

E.  Plasma  sodium 

1)  Results  and  discussion 

When  the  mean  concentrations  for  each  treatment  were  compared,  it 
was  found  that  the  cold  treatment  significantly  (P  <!  0.01)  increased  the 
plasma  sodium  (Appendix  III,  Tables  4  and  5).  A  further  significant 
(P<  0.01)  increase  in  plasma  sodium  concentration  occurred  during  the 
rewarm  period. 

The  mean  plasma  sodium  concentrations  for  each  sampling  time  over 
the  three  treatment  periods  are  shown  in  Table  8,  Appendix  III. 

When  the  data  are  converted  to  per  cent  of  the  first  value  in  each 
treatment  (Table  4)  and  these  changes  are  shown  graphically  (Fig.  7),  the 
control  curve  and  the  rewarm  curve  show  a  similar  decrease  of  3  to  5% 
after  the  first  day  of  sampling.  However,  cold  exposure  caused  a  relative 
increase  in  the  plasma  sodium  concentration. 

The  significantly  higher  plasma  sodium  in  the  rewarm  period,  when 
comparing  the  mean  values  and  the  relative  lowering  of  plasma  sodium  in 
the  same  period,  are  not  imcompa tible.  During  the  cold  period  the  plasma 
sodium  concentration  increased  until  it  reached  its  greatest  concentration 
which  was  shortly  after  the  start  of  the  rewarm  period  (Appendix  III,  Table  8). 


03  dd  n*o  3nuo9  Xiilqonieos  ni  nola«9iqab  9d3  ,9io59ierfr 


. bol:i9q  bIo9  odd  auliub  viividosioqvri  l&dldioo  XBn9:;b»  adsolbni 

7  -  i  '♦^v 


X  ’  viBoantjg  (1 

dnft.^Jttidjgia  tMift  dS’zei  »  qaari*  add  sttusoqxs  bloO  (• 


.alidqonisoa  snidfiluoiid  al  aa&sxasb  (10.0  ^  *1) 


nl  dfinsdo  add  bsdnuoaaa  ad  donns&  aaBadoab  adT  (d  _ 

' 

iG9idi:o9  iB^Taibs  io  noldBoibni  na  bb  najlad  ad  nao  bns  »aflttiIov  llao  b9>i9Bq 

•  \ 

^  r  .X^lvldoBiaqxri 

fOJjJtbQe  B«TBBi^  . 3  - 

fioiegjjDBlb  boB  adXuB^  ( I 


dl  ,baiB<pi03  a'saw  dnaflJdBadd  riaea  loi  anoidBidnaaffOO  naem  9il1t  n9Jf^ 


X 


add  baBsaionl  (XO.O  >  ^)  x^dnBaldxr^iB  dnamdBaid  bXoo  addijsrid  bnoo^  bbw 


d/WQiiinslB  -sadJiul  A  .<2  bfls  ^  •eldirt'  .III  xlbnaqqA)  moXboa  aioaBlq 


add  gnldub  baiTuoao  notjBiJnsoaoo  outboB  amsBlq  nl*»aBB^anl  (XO.O  >^) 

^  "  .boiiaq'mdBWdd 


■X9VO  BwXd  gfllloBiBa  Hobo  lol  BnoJtdBT:dna3iT00  ^Xboa  amaolq,  naam^'adT 


i  £•'  j  ■ 


^  '' 

.III  XlbnaqqA  .8  aldaT  nX  nvoda  aiB  aboXiaq  dnamdBaid  aadrid  add 


doss  ni  aulev  detll  arid  lo  dnao  laq  pd  beJiavnoa  ei«  adeb  add  AadW 


arid  ,('?  .ax'?)  xXXB3iriq\d8  nworia  aia  aagnadd  aaadd  bns  (A  aldaT)  dnamdBaid 


/ 


•  ^ 

od  C  io  dBBai‘,>ab  xBlimiB  8  vjoda  ovxod  miBwai  add  bna  avrxuo  Xoidnoa 

k;  't  W 


-*  1  * 

svld&Idi  fi  baeuBo  aioaoqxa  bios  ^xavawofl  .gnllqiBBa  io  dBili  add  ladiB 


•j/ 


•  I 


.aoidsxdnaanPo  muXboe  BmeaXo  add  nX  aaBsionX 

<  •  A 


U 

nadw  jboXiaq  miBwai  add  nX  muXboa  emeBiq  ladgXd  ^x^dn&aXiXngXa  adT 

rri  rauXboe  BmaBiq  io  gnliawl  avlialai  add^hns  aaolav  naaoi  add'goXxBqmoD 

■'  o 

Bmaalq  arid  boX  laq  bioa  arid  gnXioCl  .al dX d ^qaioainX  doo  aiB  .boXiaq  am b a  add 

A  *•  . 

aoXdBXdfwo/ioo  daadBaig  adX  badoBdi  dX  IXduu  bfABaianX  noXdaiJnaortoa  oB^iboe 

j 

<* 

XdBl  .III  xibnaqqA)  boiiaq  irrawei  arid  io  dxada  arid  ladis  xX^^orf®  rioXriw 

mf  •  m  •■  . 


Table  4.  Mean  per  cent  changes  in  plasma  sodium  concentration 
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Consequently,  the  first  sample  of  the  rewarm  period  had  a  high  concen¬ 
tration  compared  to  samples  taken  during  the  last  2  days  of  the  rewarm 
treatment . 

When  the  observed  relative  changes  of  plasma  sodium  in  Fig.  7  are 
compared  with  the  expected  changes  indicated  by  changes  in  packed  cell 
volume  shown  in  Fig.  5,  it  becomes  evident  that  the  majority  of  the 
observed  changes  which  occurred  in  the  plasma  sodium  concentration  during 
cold  exposure  are  in  the  direction  expected  on  the  basis  of  the  change  in 
packed  cell  volume.  The  same  is  true  for  the  control  and  rewarm  changes 
in  plasma  sodium  concentration  except  for  those  occurring  during  the  first 
12  hr  of  these  two  periods.  This  agrees  with  Bailey's  (1964)  assumption 
that  the  change  in  plasma  sodium  could  be  accounted  for  by  the  change  in 
packed  cell  volume. 

However,  the  fact  that  there  was  a  sustained  increase  in  the  plasma 
sodium  concentration  during  the  cold  period  strengthens  the  possibility  that 
this  increase  was  due  to  increased  minerocor t icoid  activity. 

The  mean  values  of  150.5,  155.2,  and  156.9  meq/1  for  control,  cold, 
and  rewarm  treatments,  respectively,  are  very  close  to  the  levels  found  for 
plasma  sodium  in  sheep  by  Bailey  (1964)  and  Hess  (1963). 

2)  Summary 

a)  Cold  stress  significantly  (P^  0.01)  increased  the  mean  plasma 
sodium  concentration. 

b)  Rewarming  the  chamber  resulted  in  a  relative  decrease  of  plasma 
sodium  concentration. 

c)  The  direction  of  these  changes  can  possibly  be  explained  by 
both  changes  in  plasma  volume  and  in  minerocor ticoid  activity. 
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F.  Plasma  potassium 

1)  Results  and  discussion 

When  the  mean  concentrations  for  each  treatment  were  compared^,  it 
was  found  that  the  plasma  potassium  was  significantly  (P"<.  0.01)  increased 
in  the  cold  from  4.76  to  4.95  meq/1  (Appendix  III,  Tables  4  and  5). 

Rewarming  the  environment  resulted  in  a  significantly  lowered  mean  plasma 
potassium  concentration  of  4,52  meq/liter. 

The  mean  plasma  potassium  concentrations  for  each  sampling  time 
over  the  three  treatment  periods  are  shown  in  Table  9,  Appendix  III. 

Plasma  potassium  fluctuated  greatly  in  all  trials  with  the  most  of  the 
increase  during  cold  exposure  coming  within  the  first  9  hours. 

The  relative  changes  in  plasma  potassium  concentration  with  time 
in  the  three  periods  are  shown  in  Table  5  and  depicted  graphically  in  Fig.  8, 
In  general,  the  plasma  potassium  concentration  showed  a  relative  increase 
during  the  cold  treatment  and  a  relative  decrease  during  both  the  control 
and  rewarm  treatments. 

When  the  observed  relative  changes  of  plasma  potassium  in  Fig.  8 
are  compared  with  the  expected  changes  indicated  in  Fig.  5,  it  is  seen  that 
the  rapid  increase  in  observed  plasma  potassium  during  early  cold  exposure 
cannot  be  explained  by  a  change  in  packed  cell  volume,  although  the  changes 
during  the  two  warm  periods  might  be  explained  partly  by  this.  However, 
the  picture  is  not  very  clear  because  of  the  fluctuations  in  the  plasma 
potassium  values .  These  fluctuations  possibly  explain  the  diversity  of 
results  found  in  the  literature  for  changes  in  potassium  which  are  attri¬ 
buted  to  cold  exposure. 

The  plasma  potassium  concentrations  found  are  approximately  the 
same,  as  those  found  by  other  workers  studying  sheep  (Bailey,  1964;  Hess, 1963). 
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Table  5.  Mean  per  cent  changes  in  plasma  potassium  concentration 


55 


cn 

mJ- 

<!■ 

CTi 

'd- 

• 

• 

9 

ft 

ft 

ft 

rH 

C3^ 

00 

so 

O 

1— 1 

LO 

00 

as 

O 

I— 1 

CM 

00 

CM 

LO 

cn 

• 

• 

• 

ft 

ft 

ft 

T—C 

cn 

oo 

LO 

00 

Mt 

C7^ 

CJ^ 

cr. 

r— 4 

so 

CM 

CM 

C3^ 

LO 

CM 

• 

• 

• 

ft 

ft 

ft 

CM 

CM 

CM 

00 

l£> 

LO 

CT\ 

o 

<3^ 

O 

m 

o 

OO 

00 

00 

t*4 

• 

• 

• 

ft 

ft 

ft 

o 

CM 

00 

LO 

00 

so 

as 

o 

as 

so 

p— 1 

00 

00 

as 

r*4 

o 

• 

• 

• 

ft 

ft 

• 

f— 4 

p™t 

00 

00 

1 — 

LO 

lO 

CT\ 

CTi 

C3^ 

LO 

so 

CM 

00 

• 

• 

• 

ft 

ft 

• 

C3^ 

00 

SO 

o 

rH 

Ml- 

<1- 

C3> 

o 

C3> 

rH 

O 

m 

o 

00 

LO 

o 

• 

• 

• 

ft 

ft 

• 

00 

C7^ 

CM 

Mj- 

Mt 

C7^ 

CT\ 

00 

CTi 

O 

00 

CM 

• 

• 

• 

ft 

• 

CM 

m 

00 

00 

<|- 

O 

o 

C3^ 

rH 

vO 

vD 

vO 

lO 

CM 

• 

• 

• 

• 

ft 

• 

vO 

Ml" 

00 

CM 

LO 

C3^ 

CJ^ 

C3^ 

'd' 

'd- 

00 

r>. 

• 

• 

• 

• 

ft 

ft 

m 

so 

o 

LO 

o^ 

o 

o 

tH 

M3 

so 

m 

Ml- 

00 

Ml- 

• 

• 

• 

• 

ft 

ft 

<1- 

00 

ro 

CM 

o 

00 

LO 

CTN 

O 

CTi 

pH 

00 

p— 1 

o 

o 

00 

r-^ 

• 

• 

• 

ft 

ft 

ft 

so 

n-t 

so 

00 

lO 

cy> 

1— 1 

C3^ 

pH 

CM 

o 

LO 

CO 

so 

• 

• 

• 

ft 

ft 

ft 

CM 

m 

o 

Ml- 

o 

'd- 

a^ 

o 

o 

rH 

o 

o 

o 

o 

o 

o 

» 

• 

ft 

ft 

ft 

ft 

f—C 

o 

o 

o 

o 

o 

o 

o 

o 

o 

pH 

CO 

CU 

CCJ 

CO 


o 

6 

d 

4-J 

03 

Cd 

d 

!— 1 

15 

o 

o 

CU 

CJ) 

C-; 

fa 

6^ 

o 

o 


CO 

cd 


d 

cr 

cr*  cr 

CU 

CU 

CU 

CU 

fa 

Cd 

B 

B 

B 

4-1 

CM 

VkO 

O 

CO 

• 

•  • 

•r-( 

LO 

Mt  Mt 

CO  11  II 

(1) 

•H  0) 

U  r-( 

0)  a 

CO  g  a) 


r— 1 

1— 1 

cd 

Cd 

cd 

d 

CO 

P 

fal 

P 

fal 

p 

fal 

•H 

B 

4-t 

CO 

4J 

CO 

4-1 

CO 

Cd 

O 

o 

O 

CU 

o 

CO 

C 

< 

•  tH 

V4 

cd 


a 

CU 

CU 

x: 

CO 

!-4 

P 

O 


a  4-j  T3 

g  d  I— I 

cd  o  o 

CO  o  o 

4-1  4-1  4-1 
CO  CO  CO 
d  >-l  >-l 

•H  "H  T-t 
pLi  fiH  fa 


First  rewarm  sample 


.I\pe(n  SO.?  =  aJqmsa  io:r3no3  Jaix'i 
.I\p£)Oi  I€.A  =  dlqiTTBe  bloo  Jail*? 
. XXpam  dd.A  =  sfqmsa  mijjwsi  Jeil'i 


V- 


)  '^1 


i>3 

o 

o 


K 

u> 


0! 


(U 

U> 

u> 

A} 

ra, 

K> 


(C 


» 

<l' 

u- 

a>  PI 

a  c 

p..  o 


tX3 

1> 

■t> 

09 

0 

* 

0 

• 

m 

• 

ru 

o 

c:/ 

09 

TO 

o 

00 

r\i 

O' 

PO 

0 

• 

• 

• 

0 

« 

00 

ru 

ru 

t-> 

/t> 

TO 

■  *•' 

»o 

p» 

cv 

Pi 

• 

• 

• 

* 

« 

* 

ru 

O' 

m 

»o 

P9 

V3 

(T) 

O 

TO 

p-» 

00 

00 

m 

o 

ru 

O 

• 

• 

0 

• 

« 

• 

O/ 

ru 

m 

Po 

O 

o 

o 

TO 

Pi 

00 

00 

Pi 

a> 

« 

• 

• 

• 

. 

• 

ru 

ru 

00 

09 

TO 

00 

in 

O' 

Pi 

t- 

ru 

• 

0 

0 

* 

• 

0 

x> 

o 

O/ 

09 

/t) 

o 

TO 

Pi 

o 

ru 

ro 

o 

C^| 

Q/ 

• 

0 

• 

« 

• 

• 

tp 

t> 

t- 

PO 

TO 

TO 

TO 

lo 

00 

O 

TO 

09 

• 

• 

• 

• 

• 

*. 

i> 

00 

09 

ru 

ir9 

ro 

T,  ’••’ 

o 

O 

Pi 

Pi 

A' 

cu 

CP 

Qy 

• 

» 

» 

• 

0 

# 

O' 

ru 

lo 

00 

■6< 

/o 

TO 

TO 

m 

t> 

1> 

• 

• 

• 

• 

0 

0 

ru 

o 

o 

35 

a/ 

TO 

Pn 

Pi 

1> 

00 

ru 

<a/ 

Q/ 

0 

» 

• 

• 

• 

» 

m 

00 

O 

ir> 

09 

09 

X3 

O 

TO 

Pi 

CO 

o 

C 

Pi 

ro 

• 

0 

• 

« 

• 

» 

O' 

00 

Q> 

>-i 

O/ 

cv 

/C 

Pi 

TO 

Pi 

Q/ 

ru 

ru 

o 

•^1 

|r> 

• 

« 

• 

* 

• 

• 

o 

■t- 

o' 

ru 

o 

o 

TO 

pi 

ca 

o 

O 

o 

. '  o 

o 

» 

• 

9 

• 

• 

• 

o 

s 

o 

§ 

o 

§ 

p^ 

> 

Pi 

pi 

u 

fO 


f  '  V 


to 

C 

Ui 

9 

C. 

Czl 

u 

CO 

u 

00 

PI 

o 

> 

S- 

u 

> 

o 

M 

M 

tP 

cr 

u. 

*: 

Pi 

a 

u> 

0 

0 

J!Q 

o 

u 

fn 


lo 


1X3 


00 


O' 


m 


.  'S  'i  > 


a 

o 

pf 

u 

e> 

M 

u 

a 

<0 

o 

a 

o 

o 

9 

c 

Pi* 

w 

CO 

®9 

o 

X) 


m 


»o 


(M 

V 


» 

TO 


U> 

P>. 

o. 

ea 

•H 


nil 


Per  cent  change  Per  cent  change 


56 


10“ 


Time  of  sampling  I 


^  ^  ^  ^  ^ 

1 1  m  I  n  i±ijJ.LL.Li  1 1  l■]■l.■l■■l-IlJ 


iJ-LLLLli-LLLLL 


9:00  9:00 

AM  PM 

Day  one 


9:00  9:00 

AM  PM 

Day  two 


9:00 

AM 

Day  three 


Fig,  8.  Effect  of  temperature  on  plasma  potassium 
c^centra  tion 


Time  of  sampling  >1^ 


5- 


Cold 


0 


-5 


^  ^  4  4’’ 4^  4^  4^  4’  4  4/ 

Lil  I  I I  l  /  iiJ  I I  /J  <  /  n  / 1  /  /  /.]  u  i  1 1  I  m  1 1 14,(  I  1 1 1 


9:00 
AM  PM 

Day  one 


n 

AM 


Day  two 


D: 

PM  AM 

Day  three 


Fig,  9.  Effect  of  temperature  on  plasma  calcium  concentration 


dATri*}  .  owl  yeQ 


losoaos  au 


i  q  ilP  ^VJ 


M<1  •'  MA 

9SO  ^bG 

>i  .tail 


■  £  is 


57 


2)  Summary 

a)  Cold  exposure  of  the  sheep  caused  a  significant  (P <  0.01) 
increase  in  the  plasma  potassium  with  most  of  the  increase  coming  in  the 
first  9  hr  of  cold  exposure. 

b)  Very  little  of  this  increase  can  be  attributed  to  hemo- 
c  one  en  tr a  t ion . 

G.  Plasma  calcium 

1)  Results  and  discussion 

When  the  mean  plasma  calcium  concentrations  for  each  treatment  were 
compared,  it  was  found  that  cold  exposure  did  not  significantly  change  the 
plasma  calcium  concentration  from  a  mean  control  value  of  5.01  meq/1 
(Appendix  III,  Tables  4  and  5),  During  the  rewarm  period,  plasma  calcium 
concentration  decreased  significantly  (P  0.01). 

The  relative  changes  in  plasma  calcium  concentration  with  time  in 
the  three  periods  are  shown  in  Table  6  and  depicted  graphically  in  Fig.  9. 

A  relative  increase  in  plasma  calcium  concentration  during  cold  was 
indicated.  However,  when  the  mean  plasma  calcium  concentrations  for  each 
sample  in  each  period  are  examined  (Appendix  III,  Table  10),  the  results 
for  plasma  calcium  are  exceedingly  steady  during  the  control  and  cold 
period.  The  relative  increase  appears  to  be  due  to  the  first  calcium 
concentration  in  the  cold  period  being  low. 

If  the  observed  relative  changes  of  plasma  calcium  concentration 
indicated  in  Fig.  9  are  accepted  and  compared  with  the  expected  changes 
indicated  by  differences  in  packed  cell  volume  shown  in  Fig.  5,  most  of  the 
variation  in  plasma  calcium  concentration  can  be  accounted  for  by  the 
variation  in  the  packed  cell  volume. 

The  steady  values  obtained  for  plasma  calcium  during  the  control 
and  cold  periods  are  consistent  with  the  literature. 
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The  plasma  calcium  concentrations  obtained  were  about  0.5  meq/1 
lower  than  those  obtained  for  sheep  by  Bailey  (1964).  However,  his 
results  were  similar  in  that  he  found  no  significant  difference  in  the 
plasma  calcium  of  sheep  exposed  to  the  cold. 

2)  Summary 

a)  Cold  exposure  did  not  significantly  affect  plasma  calcium 
concentration  in  the  sheep. 

b)  The  decreases  in  calcium  during  the  rewarm  period  may  be 
explained  by  the  concurrent  decrease  in  packed  cell  volume. 

H.  Plasma  magnesium 

1)  Results  and  discussion 

When  the  mean  concentrations  for  each  treatment  were  compared,  it 
was  found  that  cold  exposure  resulted  in  a  significant  (P <r  0.01)  decrease 
in  plasma  magnesium  concentration  (Appendix  III,  Tables  4  and  5).  The 
rewarm  treatment  resulted  in  a  further  significant  (P  ^  0.01)  decrease  in 
the  plasma  magnesium.  As  indicated  by  the  data  in  Appendix  III,  Table  11, 
the  decrease  during  cold  exposure  was  very  small. 

The  relative  changes  in  plasma  magnesium  concentration  with  time 
in  the  three  periods  are  shown  in  Table  7  and  depicted  graphically  in 
Fig.  10.  The  relative  changes  are  similar  to  the  differences  indicated 
by  the  plasma  means.  While  the  mean  concentration  for  plasma  magnesium 
was  lower  than  for  the  control  during  cold  exposure,  it  is  interesting  to 
note  that  during  the  first  day  of  sampling  there  was  a  relative  increase 
in  plasma  magnesium  in  the  same  period.  A  similar  relative  increase  in 
plasma  magnesium  occurred  during  the  control  period  while  a  rapid  relative 
decrease  occurred  over  the  same  time  interval  in  the  rewarm  period. 
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Table  7.  Mean  per  cent  changes  in  plasma  magnesium  concentration 
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Fig.  11 .  Effect  of  temperature  on  plasma  glucose  concentration 
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When  the  observed  relative  changes  for  plasma  magnesium  shown  in 
Fig.  10  are  compared  with  the  expected  changes  due  to  differences  in  packed 
cell  volume  indicated  in  Fig.  5,  the  observed  relative  changes  in  plasma 
magnesium  cannot  be  explained  on  the  basis  of  packed  cell  volume  changes. 

In  most  papers  in  the  literature,  cold  was  found  to  increase  plasma 
magnesium  significantly  in  small  animals.  Hess  (1963)  found  that  long¬ 
term  cold  exposure  did  not  alter  plasma  magnesium  in  sheep.  Bailey  (1964) 
found  a  nonsignificant  increase  in  plasma  magnesium  during  short-term  cold 
exposure  of  the  sheep. 

The  fall  of  the  mean  plasma  magnesium  concentration  during  cold 
exposure  in  the  present  study  might  possibly  be  explained  by  the  work  of 
Nowell  and  White  (1963)  who  found  an  inverse  relationship  between  daily 
photoperiod  and  changes  in  serum  magnesium.  They  found  that  cold  which 
resulted  in  a  slight  decrease  in  plasma  magnesium  in  the  summer  resulted 
in  a  significant  increase  of  plasma  magnesium  in  the  winter.  In  the  present 
study,  a  light  was  left  on  in  the  chamber  day  and  night  and  may  have  had 
a  similar  effect  as  the  number  of  daylight  hours  had  on  plasma  magnesium 
concentrations . 

The  observed  decrease  in  the  plasma  magnesium  concentration  during 
the  cold  period  may  also  have  been  due  to  an  increased  minerocor ticoid 
production  which  is  indicated  in  the  present  study.  Increased  aldosterone 
production  in  normothermic  animals  is  known  to  decrease  the  level  of  plasma 
magnesium.  It  is  possible  that  in  this  study  the  cold  did  not  cause 
sufficient  peripheral  hypothermia  to  cause  a  loss  of  tissue  magnesium  such 
as  that  reported  by  Moussa  and  Boba  (1960). 

The  mean  plasma  magnesium  concentrations  of  1.81,  1.77,  and  1.68 
meq/1  for  control,  cold,  and  rewarm  treatments,  respectively,  in  the  present 
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experiment  are  midway  between  the  results  obtained  by  Bailey  (1964)  and 
Hess  (1963). 

2)  Summary 

a)  Cold  exposure  decreased  the  plasma  magnesium  concentration 
in  the  sheep. 

b)  Rewarming  further  decreased  plasma  magnesium. 

J.  Plasma  glucose 

1)  Results  and  discussion 

When  the  mean  concentrations  for  each  treatment  were  compared,  it 
was  found  that  cold  exposure  resulted  in  a  significant  (P  ^  0.01)  increase  from 
64i4  to. 67.1  mg/100  ml  in  the  plasma  glucose  concentration  (Appendix  III, 

Tables  3  and  5).  The  rewarm  period  resulted  in  a  significant  (P  <  0.01) 
decrease  from  the  cold  mean  value  to  an  average  of  63.8  mg/100  milliliters. 

The  average  concentrations  for  each  sample  time  indicate  that  the 
increase  in  plasma  glucose  concentration  in  cold-exposed  sheep  is  greater 
than  that  shown  by  the  mean  values  for  the  treatment  periods  (Appendix  III, 
Table  12). 

The  relative  data  shown  in  Table  8  and  depicted  graphically  in 
Fig.  11  demonstrate  that  plasma  glucose  levels  rapidly  increased  due  to 
exposure  to  cold.  The  raised  plasma  glucose  concentrations  were  highest 
during  the  first  12  hr  and  showed  an  increase  of  about  57o  over  the  first 
value  throughout  the  remainder  of  the  cold  period. 

When  the  observed  relative  changes  in  plasma  glucose  shown  in 
Fig.  11  are  compared  with  the  expected  changes  indicated  by  differences 
in  packed  cell  volume  in  Fig.  5,  it  can  be  seen  that  the  observed  differences 
in  plasma  glucose  cannot  be  entirely  attributed  to  variations  in  the  packed 


cell  volume. 
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Table  8.  Mean  per  cent  changes  in  plasma  glucose  concentration 


64 


rH 

CM 

St 

f— 1 

• 

• 

• 

• 

• 

. 

m 

CM 

vO 

CM 

oo 

St 

Os 

O 

Cti 

CM 

Nt 

LO 

UO 

00 

CO 

• 

• 

. 

• 

• 

. 

un 

CM 

>>0 

CM 

00 

CM 

os 

o 

o^ 

so 

CTi 

00 

v£5 

00 

UO 

CM 

• 

• 

• 

• 

• 

. 

St 

St 

cn 

MD 

•'t 

CM 

ct> 

o 

T— 1 

CM 

0\ 

vO 

r-^ 

CO 

. 

• 

. 

• 

• 

% 

LO 

rH 

CO 

OS 

o 

OS 

m 

CM 

Os 

St 

UO 

St 

o 

• 

• 

• 

• 

• 

• 

00 

CO 

LO 

CO 

r—i 

OS 

o 

OS 

so 

o 

CO 

00 

St 

• 

• 

• 

• 

• 

• 

(Ti 

CM 

CM 

St 

vD 

O 

T— 1 

OS 

CO 

CO 

o 

so 

CM 

• 

• 

• 

• 

• 

. 

00 

o 

CO 

t-M 

St 

00 

O 

o 

rM 

CJ^ 

St 

r— 1 

00 

UO 

00 

. 

• 

• 

• 

• 

• 

Os 

CM 

^-1 

CO 

CM 

Cti 

OS 

1— 1 

00 

St 

UO 

00 

St 

o 

. 

• 

• 

. 

• 

• 

vO 

OS 

CO 

Os 

CO 

OS 

O 

Os 

r™^ 

00 

o 

ON 

St 

CM 

O 

• 

• 

• 

« 

• 

• 

LO 

00 

CM 

vO 

CO 

UO 

OS 

o 

ct^ 

r-S 

vn 

LO 

so 

St 

• 

• 

• 

. 

• 

• 

'd" 

1^ 

CM 

CO 

os 

CM 

o 

O 

OS 

!-S 

o 

St 

ON 

UO 

Os 

St 

• 

• 

• 

• 

• 

• 

CO 

CM 

SO 

CM 

CM 

• 

O 

O 

o^ 

• 

• 

T™l 

O 

1-^ 

rH 

o 

6 

6 

00 

St 

St 

1^ 

« 

• 

. 

• 

• 

• 

o 

o 

CM 

St 

St 

CM 

CO 

CM 

CO 

o 

o 

o 

O 

o 

cd 

rH 

f— H 

d 

00 

5P 

o 

o 

o 

o 

o 

O 

0) 

e 

6 

JO 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

cd 

o 

o 

o 

4-1 

CM 

o^ 

!— 1 

r-H 

• 

• 

CO 

UO 

CM 

•i-l 

so 

so 

CO 

II 

II 

(U 

•H 

P 

U 

(U 

CO 

e 

(U 

T— 1 

cd 

CO 

ctS 

cfl 

td 

d 

CO 

9* 

(U 

0 

w 

d 

w 

P 

w 

•iM 

e 

U 

CO 

4-1 

CO 

4-1 

CO 

T— 1 

Cd 

a 

o 

o 

CJ 

(U 

O 

CO 

6 

< 

< 

<: 

•  1—1 

U 

Cd 

a  p. 

u 

T) 

CO 

<u  S 

d 

r— 1 

<u  Cd 

o 

o 

X!  CO 

o 

o 

CO 

o 

e 

4J 

4-1 

p  CO 

CO 

CO 

4J 

T) 

cd 

P  u 

U 

u 

d 

1-^ 

? 

O  -r4 

•H 

•1-1 

o 

O 

(U 

Ph  Ph 

pH 

u 

u 

pci 

a 

b 

First  rewarm  sample  =  65.3  mg/100  ml. 


.  im  OOI\gJii  S.ed  =  alqrise  io^:i^o^ 

.  Im  OOI\gm  e.Sd  =  alqiasa  bloo  3aix‘5 
.IifT  OOI\gnT  €.ed  =  sXqniBe  anrcwsi 


■b- 

hO 

VO 

Vi 

• 

« 

• 

• 

0 

• 

tv 

t' 

(30 

i<o 

<v 

1^ 

ru 

Hi 

/a 

o 

/O 

H-, 

00 

ru 

ru 

t' 

VO 

• 

• 

• 

• 

• 

• 

ro 

t«0 

00 

VO 

Q/ 

lO 

ru 

Hi 

O 

/t3 

ru 

00 

Q/ 

00 

O/ 

* 

. 

• 

m 

• 

• 

« 

• 

VO 

K> 

tv 

O/ 

ru 

t> 

t' 

Hi 

<o 

o 

it) 

V-i 

a 

/C 

VO 

« 

• 

• 

• 

» 

» 

Hi 

H- . 

H-i 

ro 

ru 

Hi 

/T 

o 

f«0 

/O 

H-* 

•t' 

ru 

tv 

VO 

ru 

• 

0 

m 

• 

• 

• 

o 

ro 

ru 

ro 

CO 

Hi 

/o 

o 

/O 

1> 

00 

ro 

o 

cv 

• 

• 

« 

• 

• 

m 

tv 

VO 

VO 

rt> 

ro 

o 

to 

a> 

o 

r^s 

ro 

• 

• 

« 

• 

• 

«  ”'  ■ 

o 

00 

1V 

Hi 

ro 

o 

00 

(O 

V-t 

o 

t-t 

Hi 

00 

ru 

00 

t' 

V"^ 

tv 

• 

» 

• 

• 

• 

9 

lo 

ro 

>-n 

VO 

t) 

VI 

rt3 

'■n 

t3 

• 

o 

tv 

(30 

ru 

00 

• 

• 

• 

• 

• 

• 

-o 

ro 

/t> 

ro 

t> 

O' 

o 

t) 

H^ 

o 

lO 

tv 

ro 

o 

Op 

• 

• 

» 

• 

**  • 

• 

r- 

4 

ru 

-o 

fo 

■  S 

VO 

00 

ro 

ru 

H- > 

V— r 

• 

tv 

» 

a* 

• 

ru 

(V 

0 

Hi 

m 

lo 

ro 

-o 

VO 

)-t 

IV 

fO 

O 

O 

Ho 

Vi 

t> 

/o 

ru 

/T3 

tv 

O 

• 

• 

• 

• 

• 

• 

• 

to 

VO 

CV 

VO 

ro 

2^ 

o 

o 

O 

o 

00 

I— I 

tv 

tv 

vn 

t 

• 

• 

• 

• 

• 

• 

<» 

to 

lO 

ro 

Q 

lo 

O 

tv 

/ 

VO 

a 

H-. 

H-i 

ilir« 

,  Hi 

(£ 

o 

o 

O 

o 

o 

O 

# 

« 

« 

• 

• 

r 

a 

Co 

o 

o 

o 

o 

o 

o 

Hi 

u. 

o 

o 

o 

H-, 

(-. 

Hi 

CC 

0> 

C'-W 

< 

■ 

u> 

« 

1 

■  ^  • 

w 

CD 

kLl«  ^ 

hn 

1—1 

Hi 

£5 

» 

0> 

9 

(U 

l-i* 

Ui 

c 

w 

c 

C 

U> 

CO 

u 

cv 

u 

w 

u. 

Hi 

U> 

u 

u 

u 

• 

> 

!> 

> 

3 

•§ 

.n 

ID 

tp 

CO 

to 

o 

CD 

a. 

(0 

Hi 

u 

9 

0 

CO 

M 

Hi 

H( 

Hi 

c 

O’ 

u. 

K* 

0 

C 

•-» 

a 

Hd 

hU 

(D 

o 

P 

a. 

(0 

iQ 

(-3 

o 

a 

o 

N> 

U 

0> 

t4 

U 

:3 

(0 

o 

a 

o 

u 

»  * 

c» 

o 

o 

c; 

id 


8- 

6 


CO 


o 


a 

u 

i4 


(30 

U> 

o. 


• 

^  18^" 


f^4 


65 


The  values  obtained  for  plasma  glucose  are  within  the  range  for 
sheep  expressed  by  Dukes  (1955)  and  are  similar  to  the  concentrations 
found  in  sheep  by  Reid  (1962).  Reid  usually  found  a  larger  increase  in 
plasma  glucose  due  to  cold  exposure. 

2)  Summary 

a)  Cold  exposure  significantly  (P^  0.01)  increased  plasma 
glucose  in  the  sheep. 

b)  The  relative  increase  in  plasma  glucose  was  greatest  during 
the  first  12  hr  of  cold  exposure. 

c)  Not  all  of  the  increase  could  be  accounted  for  by  a  concurrent 
increased  packed  cell  volume. 
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GENERAL  DISCUSSION 

The  marked  reduction  in  circulating  eosinophils  during  cold  stress 
shown  in  Fig.  6  indicates  an  early  adrenal  cortical  hyperactivity  due  to 
cold  similar  to  that  proposed  by  Boulouard  (1963)  and  many  others.  The 
increase  in  plasma  sodium  concentration  (Fig,  7)  during  the  time  that  the 
adrenal  cortex  was  becoming  more  active  suggests  a  concurrent  minero- 
corticoid  activity  as  proposed  by  Munday  and  Blane  (1961).  While  it  was 
not  determined  whether  the  minerocor ticoid  was  aldosterone  or  deoxy¬ 
corticosterone,  it  is  reasonable  to  assume  that  it  was  aldosterone. 
Aldosterone  is  the  most  highly  active  minerocor ticoid  and  is  the  predom¬ 
inant  one  secreted  by  the  adrenal  cortex  of  the  sheep.  Aldosterone  is 
known  to  cause  sodium  retention,  and  an  increased  secretion  of  aldosterone 
in  the  cold  would  account  for  the  sustained  increase  in  the  plasma  sodium 
concentration  observed  during  cold  exposure  in  the  present  study. 

The  elevation  in  the  plasma  glucose  concentration  during  cold 
exposure  also  indicates  adrenal  gland  hyperactivity,  probably  involving 
both  the  secretion  of  epinephrine  by  the  adrenal  medulla  and  nerve  endings 
and  glucocorticoid  secretion  by  the  adrenal  cortex.  In  comparing  the 
results  of  the  present  study  with  those  of  Reid  (1962)  it  is  probable  that 
the  elevated  plasma  glucose  concentration  during  the  first  12  hr  of  cold 
exposure  was  due  to  increased  glycogeno lysis  caused  by  the  action  of 
epinephrine.  The  drop  that  occurred  over  the  next  12  hr  may  represent 
a  subsequent  decrease  in  glycogenolysis .  The  final  levelling  off  of  the 
plasma  glucose  concentration  in  the  cold  at  a  value  which  was  still  greater 
than  the  control  value  could  then  be  explained  by  gluconeogenesis  mediated 


by  glucocorticoids. 
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The  higher  relative  plasma  concentrations  of  potassium  (Fig,  8), 
calcium  (Fig.  9),  and  magnesium  (Fig.  10)  during  the  first  12  hr  of  cold 
exposure  correspond  to  a  lowered  jugular  vein  temperature  over  the  same 
12-hr  period.  The  change  in  jugular  vein  temperature  indicates  a  tempor¬ 
ary  hypothermia  which  would  result  in  elevated  concentrations  of  these 
three  ions  in  the  plasma. 

The  packed  cell  volume  was  increased  during  the  cold  exposure 
indicating  hemoconcentration.  The  packed  cell  volume  was  used  as  an 
indicator  of  plasma  volume  but  the  use  of  this  parameter  in  the  inter¬ 
pretation  of  longer  term  changes  in  plasma  solute  concentrations  may  be 
limited  in  the  present  study  because  the  constancy  of  the  total  volume 
of  circulating  erythrocytes  was  not  determined. 

Whereas  the  packed  cell  volume  is  probably  a  good  indicator  of 
short-term  changes  in  plasma  volume,  the  longer  term  changes  in  ion  concen¬ 
trations  which  were  observed  are  probably  real  changes  involving  both  the 
plasma  and  the  extracellular  fluid.  If  these  changes  were  not  real,  the 
plasma  ion  concentrations  would  tend  to  be  compensated  by  diffusion  to  or 
from  the  extracellular  fluid. 

When  comparing  the  values  for  the  parameters  from  the  preliminary 
experiment  shown  in  Fig.  1  to  the  values  of  all  the  later  figures,  it  becomes 
apparent  that  different  stressors  were  at  work  in  the  preliminary  trial. 

The  changes  in  the  preliminary  trial  returned  to  normal  after  about  12  hours. 
This  is  similar  to  the  short-term  effects  of  emotional  stress  on  cortisol 
found  by  Reid  and  Mills  (1962). 

On  the  other  hand,  during  the  later  experiment  the  changes  were 
prolonged  throughout  the  54  hr  of  cold.  Ihis  is  similar  to  the  effects  of 
cold,  wind,  and  rain  on  plasma  cortisol  and  glucose  found  by  Reid  (1962). 
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During  the  experiment  there  were  signs  of  slight  emotional  stress 
during  the  early  parts  of  the  period.  An  initial  stress  caused  by  sampling 
is  apparent  during  the  control  period  in  particular.  A  decrease  in  eosin¬ 
ophil  numbers  occurred  during  the  first  12  hr  of  the  control  period.  At 
the  same  time,  a  slight  increase  occurred  in  plasma  sodium  (Fig.  7), 
plasma  magnesium  (Fig.  10),  and  plasma  glucose  (Fig.  11). 

In  the  interpretation  of  the  present  data,  comparisons  between 
treatment  means  are  instructive  in  some  instances  but  do  not  accurately 
indicate  the  treatment  effects  in  others.  As  the  majority  of  the  samples 
were  taken  during  the  first  day  of  each  treatment,  these  values  strongly 
influenced  the  treatment  mean.  In  some  of  the  parameters  the  greatest 
change  did  not  occur  until  after  the  first  day  and  hence  did  not  greatly 
affect  the  mean  treatment  value.  The  treatment  means  therefore  have 
served,  in  some  cases,  as  guides  for  interpretation,  whereas  primary 
emphasis  has  been  placed  on  changes  in  the  different  parameters  with 
respect  to  time,  taking  into  consideration  the  standard  errors  of  indivi¬ 


dual  sample  means. 
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GENERAL  SUMMARY 

1)  Both  the  jugular  vein  and  rectal  temperatures  were  lowered  by 
cold  exposure.  The  mean  jugular  vein  temperatures  were  0,4  to  0.5  C 
lower  than  the  mean  rectal  temperatures.  The  rectal  temperatures  showed 
a  thermal  lag  when  compared  to  the  jugular  vein  temperatures. 

2)  Cold  exposure  resulted  in  a  relative  increase  in  packed  cell 
volume . 

3)  Cold  exposure  resulted  in  a  large  decrease  of  circulating  eosin¬ 
ophils  indicating  adrenal  cortical  hyperactivity.  The  eosinopenia  persisted 
throughout  the  cold  period. 

4)  As  cold  exposure  decreased  the  circulating  eosinophils,  the 
concentration  of  plasma  sodium  increased  indicating  increased  minerocorti- 
coid  activity, 

5)  The  plasma  concentrations  of  potassium  and  magnesium  increased 
during  the  first  12  hr  of  cold  exposure.  A  similar  relative  increase  in 
calcium  may  have  been  due  to  a  low  initial  calcium  value  in  the  cold  period. 

A  depression  of  jugular  vein  temperature  which  occurred  in  this  same  interval 
indicated  a  temporary  hypothermia  which  would  lead  to  the  observed  increases 
in  plasma,  potassium,  and  magnesium. 

6)  Ihe  plasma  glucose  concentration  was  elevated  by  the  cold  exposure. 
The  high  concentrations  seen  during  the  first  12  hr  of  cold  decreased  sub¬ 
sequently  to  a  steady  level  which  was  still  greater  than  the  control  value. 
These  changes  in  the  plasma  glucose  also  suggested  adrenal  hyperactivity 
due  to  exposure  to  cold. 
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7)  The  stressor  agent  in  the  preliminary  trial,  where  the  sheep 
were  moved  between  periods  and  the  temperature  was  not  lowered  as  much  or 
effectively,  was  emotional.  However,  the  stressor  agent  during  the  later 
experiment  was  cold  and  the  sheep  did  not  show  signs  of  becoming  acclima¬ 
tized  after  54  hr  of  cold  exposure. 
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APPENDIX  I 

Construction  of  Metabolism  Cages 

The  metabolism  cages  were  constructed  of  Dexion  angle  steel  and 
3/8- inch  pl3wood  as  illustrated  in  Fig.  1.  The  cages  had  2.5-ft  high 
sides  and  floor  dimensions  of  2  ft  x  4.5  feet.  The  cages  were  made 
with  2-ft  legs  to  allow  clearance  for  the  urine  collection  funnel  and 
reservoir.  The  feed  box  was  made  of  3/8- inch  plywood  and  could  be 
lifted  out  easily.  The  feed  box  was  designed  to  hold  a  plastic  2-gal 
pail  for  water. 

The  feces  tray  and  the  urine  funnel  were  made  from  16- gauge 
galvanized  tin  and  were  designed  to  slide  out  for  cleaning.  The 
floor  above  the  urine  funnel  was  made  from  12-gauge  flattened  expanded 
steel  with  1/2  x  3/4- inch  openings. 


Fig.  1.  Side  view  of  a  metabolism  cage 
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APPENDIX  II 

Construction  of  the  Cald  Chamber 

The  chamber  was  4  ft  wide,  8  ft  long,  and  7  ft  high.  This  left 
room  enough  to  manoeuvre  around  inside  it  if  the  metabolism  cage  was 
placed  against  one  wall. 

The  framework  was  made  of  2  x  4- inch  lumber.  ‘The  inner  surfaces 
of  the  walls  and  ceiling  were  sheathed  with  3/8- inch  plywood.  The 
walls  and  ceiling  were  insulated  with  3- inch  fiberglass  batting.  The 
outer  surface  of  the  walls  and  ceiling  were  covered  with  polyethylene 
which  served  as  a  vapour  seal  for  the  insulation.  The  chamber  was  then 
sheathed  over  with  1/4- inch  plywood.  The  floor  was  made  with  a  bottom 
layer  of  3/8- inch  pl3rwoodj  a  layer  of  polyethylene  vapour  seal,  a  layer 
of  vermiculite  insulation,  and  a  floor  of  3/4- inch  plywood.  Hie  door 
for  the  front  of  the  chamber  was  insulated  with  fiberglass  and  made  of 
two  3/8- inch  plywood  layers,  A  smaller  door,  2.5  x  4  ft,  was  cut  out 
of  the  main  door.  The  small  door  was  easy  to  remove  and  was  held  in 
place  by  bolts  and  wing  nuts. 

The  chamber  was  designed  to  be  air-tight  except  for  two  2- inch 
ventilation  ports.  Air  exchange  was  effected  by  a  100-cfm  capacity 
electric  blower.  A  stopper  with  a  section  of  1-inch  plastic  pipe 
inserted  through  it  was  placed  in  the  exhaust  port  to  restrict  the  exit 
air  flow.  When  controlled  in  this  manner,  the  rate  of  air  exchange 
was  approximately  140  liters/minute. 

The  temperature  was  lowered  by  means  of  a  water-cooled  1/3  horse¬ 
power  compressor^  mounted  outside  the  chamber  (Fig.  1),  The  evaporator 

fan-coil  unit  was  hung  from  the  ceiling  of  the  chamber,  near  the  back 
(Fig.  2). 

^Copeland  Refrig,  Corp,,  Sidney,  Ohio,  USA. 


II  xiawaw 


Hc3  fcffj-^^ijrimaiMwa 
l)al  aiilT  iri^^rf  )1  f  bn>  ignol  )}  8  ,*blv  ))  t  (»w  Tsdnuta  arfT 


i  S'"  ^  lH*  ...•Fi”^', 

/- 1  i*» 


BBvr  PBilodAJMi  Btij  fi  Sl  pl>i  «ni  bfUfOiB  dnvuBonwtf  oi  Kpuom  mboi 

KK-.r  .*  41bw  ^  janiatta  basal  4 


/.  • 


•-a 


••obIiub  ivn/ii  PifT  aisiiaui  x  S.lo  ebfia  ttv  BifT 


0.%»rj 


•'fT  aboow^lq  /fiiV  9T9W  gnilito  bns  «U»w  9iii‘  lo 

b 

9f^  .Sfii3jE<f  atalsiadll  rioal-C  dJlw  bsjAXuani  shmt  bixs'^llBW 

n 

^  'i|^ 

»09li(il99yfoq  rt^iv  bsYavos  otsw  ^nillao  bna  tllsw  9/{:}”l«ii  laJuo 

•%  . 


sd)  AAV  i9<fispd9  »iXr  im>i^»Iu»nl  sds  to)  X»«8  Tuoqsv  a  as  bsvTsa  dolifw 

4»J 

a  ^  ■ 

no^Jod  a  diiw  sbam  asw  too!)  sffT  r.boow^tiq  dosl'^NX  Hll%f  tpvq,  badJsada 

U, 

9XbI  a  «Xk98  uroqav  »fraj[^rfi9x^^  laysi  s  ,boow^lq  dooi'dXC  )o  tst^aI 

la'  iii." 

fl  > 

Toob^stfl  .bdlRl^lq  d9nI«H^\€i  io  looll  a  bna  ^aol^aiuani  •:}lIu3laiT»v  lo 


»5" 


lo  0baa  bns  aablsTscfl)  n91%r  basaXsanl  saw.  ladniario.aiiJ  )o  Snoil  sds  lo) 

t  i  /j  *  i» 

Jtio  3UO  aaw  A  x  2.S  «Toob  TaiXaoia  A  .at»xsX' boow^Xq  ddni>8\€  owd 

t. 

/ii  biad  B»w  bna  avovai  o3  loob  llficnarsdr  ‘.loob  alem  sdn  3to 


^  ^  y ) ' 


1  s 


.aJiMi  goiw  bffs  adXod  yd  99Blq 


-  '  ■  .  k.-,  JWfc'A.*,  tl/ 

donl-S  owl  lol  3q»ox9;3d8J;3~liB  ad  o3  bdxxglaab  aaw  isdnarfo  arfT 

■  'V  '  y'  ;^  '  .  ' 

.  Vi  *  i'  a.  » 

^{Jioaqao  oiio-OQi  a  ba309)ia  aaw  ^gdadoxa  ilA  .alToq  noi^ali^nav 

5'  .'■*  -^>51 

'  -‘  «  •*  ' '  . 

aqlq  oioeaXq  danl*X  lo  noilOaa  a  ddlw  T»qqo3a  A  .TswoXd  olTdooXa 

.3  . 

‘  -j  w  »  •>  - 

ixa  add  3oJt^a8T  od  'dToq  dauadxa  add  oi  bao^Xq  aaw  dl  dguoTifd  bodTsanX 

93{narJoxa  tIb  lo  adaT  add  cTannam  eidd  rd  baiXoTdooo  nadW  .woll  Tla 

'  .  .adunlfl\aiadil  OAi  vlad amlxotqqa  aaw 

.  '  i  wTR.  V  . 

aaTod  £\I  balooo-Tddaw  a  io  ar/aasi  ^cd  baTawoX  aaw  audfiTaqnrad  adl 

1  ^ 

odBToqs'ra  adtT  .(X  .gXI)  ladnsdd  add^abXaduo  bdJnuoar  xoaaaiqmbd  Tswoq 

p.  >. 

doai  arid  tboh  tTadmedo  arid  lo  ^ailtad  add  nrail  gjTud  aaw  dim/  Xiod-nal 

i«.(S  .gl^) 

■  ''  r  -  X 

^  .AdU  «oidO  ,yaabX8  ,.qToD  .giidsA  bnaXa^O 


iii 


Fis.  lo  Rear  viev  of  the  chamber  show 


compressor  unit 


Fig .  2 .  Front  view  of  the  chamber 

sho^^ing  the  evaporator  fan- 

coil  unit 
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With  a  fully  grown  wether  in  the  chamber,  the  refrigeration  unit 
was  able  to  maintain  a  temperature  of  approximately  0  C.  The  relative 
humidity  of  the  chamber  air  was  76%  during  the  cold  period  and  78% 
during  the  rewarm  period  (Appendix  III,  Table  5).  This  was  significantly 
(P  ^  0.01)  higher  than  the  68%,  relative  humidity  observed  in  the  chamber 
during  the  control  period  (Appendix  III,  Table  1) . 

The  average  relative  humidity  at  each  sampling  time  is  reported 
in  Table  1. 


Jlnw  srfi  ,i9dai£>ii3  •jfj  nl  i9ff^5w  nvo^ 


5  =’^‘31^ 


I  If  ^  r  f 
%  } 


ri 


4  r 

»«fr  *0  O^Y^»j»licoYqq»  lo  a7i;jE7aqmai  a  oialnifw  ®3  slda  taw 


J8X  bna  bo^iaq  bioo  ariJ  gnixvb  aaw  lia  ‘xednarfd  aria  io  y^Iblmu/l 

.i 


nuaJUngJ  9  aiitf  itirfT  .  (i  aldaX  <III  xihnaqqA)  boi^aq  atiawsi  adJ  g/tliub 

darado  adJ  aJ  baviaado  x^lblim/rf  aviJalai  XSd  adi^  nadJ  ladsiri  (XO.O  >  ^) 

.(1  aids!  ,111  xibnaqqA)  boiTaq  loxJnoo  ari^  gniiub 
\  '  ' 
baJT^.qai  eX  a«ii3  gnilqmaa  daaa  ^a  X'^lbbauri  avi:}Bia7  agaiava  arfT 

■'  .1  aldaT  nl 


b-  I 


Table  1 .  Mean  relative  humidity  (%)  in  chamber  during  four  trials 
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APPENDIX  III 

Table  1.  Mean  squares  —  The  effect  of  ambient  temperature 
on  chamber  relative  humidity 


Source  of  variance  df  Relative  humidity 


Total 

167 

Sheep  (S) 

3 

6.1 

Treatment  (T) 

2 

1500** 

Sample  (Sa) 

13 

91** 

S  X  T 

6 

100 

S  X  Sa 

39 

28 

T  X  Sa 

26 

190’^'" 

Residual 

78 

25 

•k-k 

P  <  0.01. 


Table  2.  Mean  squares  —  The  effect  of  ambient  temperature 
on  jugular  vein  and  rectal  temperatures 


Source  of  variance 

df 

JVT^ 

df 

RT^ 

Total 

83 

167 

Sheep  (S) 

1 

2.23** 

3 

0.613’’''’' 

Treatment  (T) 

2 

0.159* 

2 

0.470*"'" 

Sample  (Sa) 

13 

0.027 

13 

0.025 

S  X  T 

2 

^  , ^^kk 

0.482 

6 

0.454’^'" 

S  X  Sa 

13 

0.022 

39 

0.035 

T  X  Sa 

26 

0.017 

26 

0.043 

Residual 

26 

0.047 

78 

0.031 

^Jugular  vein  temperature. 

^Rectal  temperature. 
*P<  0.05. 

P<  0.01. 
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Table  3 .  Mean  squares  —  The  effect  of  ambient  temperature  on  j) acked 
cell  volume,  eosinophil  count,  and  plasina  glucose 


Source  of  variance  df  PCV^  EC^  Glucose 


Total 

167 

Sheep  (S) 

3 

24 . 7** 

** 

685,000 

66.8' 

Treatment  (T) 

2 

** 

101.0 

41,400 

161** 

Sample  (Sa) 

13 

6 . 60 

1,960 

15.9 

S  X  T 

6 

** 

22.6 

9,350 

48. 9‘ 

S  X  Sa 

39 

2.63 

1,200 

12.6 

T  X  Sa 

26 

** 

7 .17 

14 , 800** 

14.4 

Res idual 

78 

2.07 

4,560 

16.1 

Packed  cell  volume. 
^Eosinophil  count. 

P  0.01. 


Table  4.  Mean  squares  —  The  effect  of  ambient  temperature  on  plasma 
sodium,  potassium,  calcium,  and  magnesium 


Source  of  variance  df  Sodium  Potassium  Calcium  Magnesium 


Total 

167 

Sheep  (S) 

3 

** 

329.8 

** 

4.40 

** 

2.59 

0.216 

Treatment  (T) 

2 

626.3 

2.68** 

Vc* 

0.111 

0.252 

Sample  (Sa) 

13 

45.11** 

0.172 

0.064** 

0.020 

S  X  T 

6 

** 

293.6 

0.689** 

0.532** 

0.065 

S  X  Sa 

39 

Vc* 

18.57 

0.083 

0.022 

0.006 

T  X  Sa 

26 

27.84** 

0.111 

0.034 

0.007' 

Res idual 

78 

7.411 

0.094 

0.015 

0.004 

*P<  0.05. 
P<  0.01. 
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Table  5.  Period  means 

for  the  ten 

parameters 

determine  d 

during  the  e 

xperiment 

Parameter 

Control 

Cold 

Rewarm 

Packed  cell  volume 

34.0 

34.4 

31.9 

3 

Eosinophils  (per  mm  ) 

203 

151 

164 

Plasma  sodium  (meq/1) 

150.5 

155.2 

156.9 

Plasma  potassium  (meq/1) 

4.76 

4.95 

4.52 

Plasma  calcium  (meq/1) 

5.01 

5.02 

4.94 

Plasma  magnesium  (meq/1) 

1.81 

1.77 

1.68 

Plasma  glucose  (mg/100  ml) 

64.6 

67.1 

63.8 

Rectal  temperature  (C) 

39.0 

38.8 

38.9 

Jugular  vein  temperature  (C) 

38.5 

38.4 

38.5 

Relative  humidity  (7o) 

68 

76 

78 
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Table  6.  Mean  packed  cell  volumes  (70  of  whole-blood  volume) 
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Table  7.  Mean  eosinophil  counts  (cells /mm'^) 
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Table  8.  Mean  plasma  sodium  concentrations  (meq/1) 
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Table  9.  Mean  plasma  potassium  concentrations  (meg /I) 
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Table  10.  Mean  plasma  calcium  concentrations  (meq/1) 
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Table  11.  Mean  plasma  magnesium  concentrations  (meg /I) 
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Table  12.  Mean  plasma  glucose  concentrations  (ms/100  ml) 
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APPENDIX  IV 

Table  1.  Mean  feed  consumption,  water  consumption,  and  urine  excretion 


Control 

Cold 

Rewarm 

Pellets^ 

2,229 

472 

1,925 

362 

2,320 

635 

Water^ 

3,831 

1, 110 

1,638 

985 

5,749 

2^210 

Urine^ 

1, 102 

32 

894 

195 

1,204 

240 

a  I 

Grams  per  day  I  1  SD. 
^Milliliters  per  day  t  1  SD. 


Table  2.  Mean  squares  —  The  effect  of  ambient  temperature  on  feed 
consumption,  water  consumption,  and  urine  excretion 


Source  of  variance 
Total 
Sheep 

Treatment 

Error 


df 
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* 

P  <0.05. 


Pellets 

Water 

Urine 

674, 138* 

2,727,861 

13,884 

128,523 

12,696,066* 

75,230 

85,043 

975,395 

13,264 
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APPENDIX  V 


Fig.  1.  Conversion^  curve  for  the  hypodermic  probe 


Corrected  against  the  'Banjo'  probe  which  was  previously  verified  by  a 
mercury  thermometer. 
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APPENDIX  VI 

Eosinophil  Counting  Diluent  and  Equipment 

The  procedure  was  taken  from  Speirs  and  Meyer  (1949). 

Diluting  fluid 

10  cc  0.1%  Phloxive  solution 
1  cc  diethylene  glycol 
4  drops  0.5%  Dynaklen  (detergent) 

30  cc  distilled  water 
Just  before  using,  add 
7  cc  acetone 


Equipment 

-  White  blood  cell  diluting  pipets 
Aspirators 

Fuchs- Rosenthal  counting  chamber,  0.2  mm  deep 
Microscope,  lOX  ocular  and  lOX  objective 
The  0.1%  Phloxine  solution  was  prepared  in  advance  and  stored  in 
a  refrigerator.  Once  the  acetone  had  been  added  to  the  diluent,  the 
solution  was  used  for  the  remainder  of  that  day  and  a  new  solution  was 
prepared  for  the  next  day. 
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APPENDIX  VI 

Flame  Photometry  Reagents  and  Formulas 

The  procedure  was  taken  from  Kingsley  and  Schaffer t  (1953). 

Solutions 

a)  Mixed- Stock  Standard  (150  meq/1  of  sodium,  5  meq/1  of  calcium, 
and  5  meq/1  of  potassium):  first,  0.2496  g  of  calcium  carbonate  were 
dissolved  in  10  ml  of  concentrated  hydrochloric  acid  in  a  1- liter 
volumetric  flask.  This  was  diluted  to  about  500  ml  with  deionized  water. 
To  this,  8.7690  g  of  dry  sodium  chloride  and  0.3728  g  of  dry  potassium 
chloride  were  added.  These  were  dissolved  and  the  solution  was  diluted 
to  1  liter  at  room  temperature. 

b)  Sterox  Solution  (0.02%):  0.2  ml  of  Sterox  was  dissolved  in 

1  liter  of  deionized  water. 

c)  Working  standards  were  prepared  by  diluting  appropriate 
volumes  of  the  stock  standard  with  the  0.02%  solution  of  Sterox  in 
deionized  water. 

All  solutions  were  stored  in  polyethylene  bottles. 

Sodium  formula  calculations 

Rs  X  2  -  (Rs  -  Ru)4  =  meq/1  of  Na 
4  Ru  -  2  Rs  =:  meq/ 1  of  Na 
4  Ru  -  150  =  meq/1  of  Na  ,  where 

Ru  —  unknown  reading  and  Rs  =  reading  of  the  150  meq/1  sodium  standard. 
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This  is  an  empirical  formula  derived  from  the  slope  of  the 
standard  curve  obtained  when  the  100  meq/1  sodium  standard  reads 
62.5%  T. 

Potassium  formula  calculations 

Since  the  standard  curve  for  the  flame  photometer  was  a  straight 
line  beginning  at  the  origin  for  both  potassium  and  calcium,  the 
formula  used  was: 

Ru  _  ^ 

Rs  Ms 

=  (meq/1  of  K  or  Ca)(l/5) 

—  =  meq/1  of  K  or  Ca  ,  where 

10 

Ru  —  unknown  reading,  Rs =  standard  reading.  Mu  •=  meq/1  in  the  unknown, 
and  Ms  =  meq/1  in  the  standard. 
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APPENDIX  VI 

Titration  Reagents  for  Calcium  and  Magnesium 

The  procedure  was  taken  from  Carr  and  Frank  (1956). 

The  reagents  were  prepared  with  deionized  water.  The  standards 
and  reagents  were  stored  in  polyethylene  bottles. 

a)  Stock  Standard  for  Calcium  (100  meq/1):  calcium  carbonate 
was  dried  to  a  constant  weight  at  110  C  and  2.502  g  of  it  were  dissolved 
in  5  to  10  ml  of  concentrated  hydrochloric  acid.  The  solution  was  then 
diluted  to  500  milliliters. 

b)  Stock  Standard  for  Magnesium  (40  meq/1):  magnesium  oxide  was 
heated  in  a  platinum  crucible  until  a  constant  weight  was  obtained  and 
0.4032  g  of  it  were  dissolved  in  5  to  10  ml  of  concentrated  hydrochloric 
acid.  The  solution  was  then  diluted  to  500  milliliters. 

c)  Mixed  Working  Standard  (calcium,  5  meq/1;  magnesium,  2  meq/1): 
5  ml  of  each  of  the  stock  solutions  were  mixed  and  diluted  to  100  milli¬ 
liters. 


d)  Saturated  Solution  of  Ammonium  Oxalate:  a  500-ml  saturated 
ammonium  oxalate  solution  was  prepared  by  heating  the  mixture  until  the 
solute  dissolved  and  then  allowing  it  to  cool  to  room  temperature. 

e)  Solution  of  Ammonium  Hydroxide:  10  ml  of  concentrated 
ammonium  hydroxide  (28%)  was  diluted  to  500  milliliters. 

(2.319.M) 

f)  Solution  of  Perchloric  AcicK  20  ml  of  reagent- grade  perchloric 


acid  (70%)  were  diluted  to  100  milliliters. 
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(0.655^M) 

g)  Solution  of  Ethanolamine:  reagent- grade  ethanoiamine  was 

redistilled  under  vacuum  in  a  fume  cabinet.  The  redistilled  ethanolamine 
was  stored  in  a  dark  cupboard.  Ten  ml  of  the  redistilled  ethanolamine 
was  diluted  to  250  milliliters.  The  ethanolamine  solution  was  freshly 
prepared  every  day. 

h)  Magnesium  -  EDTA  Complex:  2  g  of  magnesium  chloride  was 

disodium 

dissolved  in  25  ml  of  water  and  7.5  g  of ^ethylenediamine  tetraacetate 
(EDTA)  were  dissolved  in  75  ml  of  water.  These  solutions  were  mixed 
and  when  precipitation  was  complete  the  mixture  was  filtered.  The 
complex  was  washed  several  times  with  small  quantities  of  cold  distilled 
water  and  then  dried  at  room  temperature. 

i)  Ethanolamine  -  Magnesium  -  EDTA  Complex:  about  10  mg  of  the 
magnesium  -  EDTA  complex  were  dissolved  in  100  ml  of  the  solution  of 
ethanolamine  and  were  freshly  prepared  every  day, 

(0.012  M) 

j)  Stock  Solution  of  EDTA:  this  was  prepared  by  dissolving  4.5  g 
of  reagent- grade  EDTA  in  water  and  diluting  to  1  liter. 

k)  Working  Solution  of  EDTA  for  Titration  of  Calcium:  50  ml  of  the 
stock  solution  of  EDTA  were  diluted  to  500  milliliters, 

l)  Working  Solution  of  EDTA  for  Titration  of  Magnesium:  25  ml 
of  the  stock  solution  of  EDTA  were  diluted  to  500  milliliters. 

m)  Solution  of  Erio chrome Black  T  (EBT):  every  2  weeks  a  new 
solution  of  EBT  was  prepared  by  dissolving  0.1  g  of  EBT  in  25  ml  of 
methanol  and  adding  1  ml  of  concentrated  ammonium  hydroxide. 
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APPENDIX  VII 

A  Comparison  of  the  IWo  Methods  Used  for  Calcium  Determination 

The  t  test  was  used  to  compare  the  results  obtained  by  the  two 
methods  used  for  calcium  determination.  For  two  sets  of  samples  the 
differences  between  the  methods  were  nonsignificant.  These  samples 
were  analyzed  by  the  two  methods  over  a  2- week  period.  However,  the 
other  two  sets  of  samples  were  analyzed  by  the  volumetric  method 
several  months  previous  to  the  flame  photometric  analysis.  The 
volumetric  results  in  this  case  averaged  about  0,5  meq/1  higher. 

These  samples  had  been  thawed  and  refrozen  twice  in  the  interval  between 
the  two  analyses  and  a  crystalline  substance  was  formed  around  the  top 
of  the  tubes.  When  this  was  dissolved  and  analyzed  it  was  found  to 
be  high  in  calcium. 

Ihe  values  for  calcium  which  are  reported  throughout  this  project 
are  those  obtained  by  the  flame  photometric  method. 
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